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Executive Summary

Executive Summary

by R. Daniel McCright

This Engineered Materials Characterization Report (EMCR), Volume 3, discusses in
considerable detail the work of the past 18 months on testing the candidate materials
proposed for the waste-package (WP) container and on modeling the performance of those
materials in the Yucca Mountain (YM) repository setting This report was prepared as an
update of information and serves as one of the supporting documents to the Viability
Assessment (VA) of the Yucca Mountain Project. Previous versions of the EMCR have
provided a history and background of container-materials selection and evaluation
(Volume 1), a compilation of physical and mechanical properties for the WP design effort
(Volume 2), and corrosion-test data and performance-modeling activities (Volume 3) Because
the information in Volumes 1 and 2 is still largely current, those volumes are not being
revised. As new information becomes available in the testing and modeling efforts, Volume 3
is periodically updated to include that information.

The purpose of this executive summary is to give an overall assessment of where the
materials-testing and modeling work stands. Pointers are given to the various sections of the
report where much more detailed information is available for the interested reader This
section will indicate the significance of this work to other elements of the Yucca Mountain
Project (YMP)—in particular, the parts of the project concerned with the design aspects of the
repository and the WP and the performance assessment of the engineered barrier systemn

Report Organization

The general organization of the report is according to the types of degradation modes that
affect each or both of the metal barriers under consideration in the two-barrier VA design for
the WP, which is a thick, outer, corrosion-allowance material barrier surrounding a thinner,
inner, corrosion-resistance material barrier. A 10-cm-thick outer barrier of carbon steel
(ASTM A516 Grade 55) surrounds a 2-cm-thick inner barrier of Ni-Cr-Mo Alloy C-22 in the
VA design. Testing and modeling of other candidate container materials are also discussed in
the report. Section 2 of the report is devoted to the corrosion testing and performance
modeling for the container. Section 2 is the longest section in the report, and is divided into
eight subsections, each dealing with an area of investigation fo support one or more of the
degradation modes. Section 3 of the report discusses the work fo date on ceramic coatings on
a steel substrate, which are being considered to prolong the lifetime of the outer barrier.
Sections 2 and 3, therefore, are directly related to issues centered on substantially complete
confainment of the waste.

Sections 4 and 5 of the report deal with other materials issues but not primarily
containment issues. Section 4 discusses work on the “basket” of internal elements that
separate the fuel assemblies from one another in spent-fuel WPs Some of these components
contain boron to control the neutron flux and prevent criticality of the mass of spent nuclear
fuel. The main performance issue with these materials is how they will react with water, and
what will happen to the criticality control, once the WP is breached. Section 5 discusses work
on concrete used to line the drift wall and for construction of the invert and much of the pier
structure upon which the WP will rest. There is concern about structural, mechanical, and
chemnical changes that will occur in the concrete in the heated environment surrounding the
WP and what effect the degrading corcrete will have on the water chemistry that ultimately
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contacts the WP. Because concretes are mildly alkaline materials, it is believed that the effect
on the WP will not be detrimental.

Waste Package Degradation: Outer Barrier

The composite of results so far indicate a mixed performance for the outer barrier.
Analysis in the previous EMCR Volume 3 showed that the oxidation of the carbon steel
during the so-called “thermal period,” when the surface of the container is well above 100°C
and the humidity of the surrounding atmosphere is low, results in negligible wastage of the
10-cm thick barrier. Percolating water is expected to vaporize in the drift above the WP
because of the heat. As the container surface temperature drops, water approaches the
surface, and drips from the fractured rock will strike the container surface Because the
container is still hot, the water evaporates and leaves behind a salt residue reflecting the ionic
content of the vadose water at the repository site

Humid Air Corrosion on Carbon Steel

The ionic content of the salt residue has an important influence on the time at which
aqueous corrosion effects begin. The experimental work and analyses in Section 2 1 on humid
air corrosion address this issue Results so far indicate that the mix of ionic salts present in
vadose waters typical of the site are not particularly hygroscopic, so high relative humidities
are needed (~80-85%) to sustain a water film and to initiate corrosion on a carbon-steel
surface (see Section 2.1.4) Laboratory tests are being performed over a range of temperatures
and humidity levels, and the surfaces of the steel specimens are coated with different
mixtures of salts. The chemical composition of the electrolyte and salt deposits is being
measured in an experiment that simulates drips contacting a warm WP in a humid
environment The solubility and, in some cases, the thermal stability of the ionic species vary,
so their ratio in a concentrated electrolyte on the surface is not the same as their ratio in the
more dilute vadose water The actual ionic concentration and ratios are important to the
corrosion rates, because some species stimulate corrosive dissolution of the metal(e g,
chloride jon), but others have a definite mitigating effect on corrosion reactions (e g ,
bicarbonate). Carbon-steel specimens have been emplaced in field studies at the YM site to
complement the work being performed under laboratory conditions. This work is discussed
in Section 2.1.8. These are longer-term tests, and specimens are still in test

Carbon Steel General Aqueous Corrosion

It is not surprising that the carbon-steel outer barrier will corrode once it is wet, but the
rates of corrosion, and the fractional area of the container surface that is wetted, are
unknown. The corrosion rate of carbon steel is sensitive to the water chemistry; this is evident
from results presented in Section 2 2.4 from the long-term corrosion test Results indicate that
concentration of salts substantially reduces the corrosion rate of carbon steel because of a pH
buffering effect and reduced solubility of oxygen. Reduced oxygen solubility at higher
temperatures is also an important factor in mitigating corrosion of carbon steel. However,
there are some important effects that appear to increase the rate. High rates of corrosion were
observed in water-saturated vapor (dripping conditions) where high carbon-dioxide levels
were measured. Also, higher corrosion rates were measured at lower test temperatures and
in more dilute electrolyte, conditions that favor higher oxygen solubility. These results
indicate that a wide range of corrosion rates will occur on carbon steel under repository
conditions. It is imagined that a wet container surface will eventually be pocked with areas of
high corrosion surrounded by areas exhibiting little attack
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The 6-month and 1-year data for corrosion of carbon steel in Section 2.2 6 show a
significant decrease in the rate for all conditions. These results are consistent with the results
of other rate measurement (not YM work), in which several years were needed before a
steady-state corrosion rate was observed. The decrease in corrosion rates with time is
attributed to formation of protective corrosion products (mostly oxides), and work has begun
to characterize these corrosion products This work is discussed in more detail in
Section 2.7.3. After 1 year of exposure, average general-corrosion rates of A516 steel varied
from 6 to 76 pm/yr when fully immersed in waters of different concentrations and at
different temperatures This range of rates is attributed {o O, solubility and pH buffering, the
lowest rates being measured in 90°C high ionic strength water {(~1000x the jonic content of
J-13 well water). The comparable corrosion rates of this same material varied from 27 to
227 pm/yr under exposure to condensing water in the vapor space above the water This
range of rates is attributed to high CO, contents, the highest rates being measured at 90°C
above the high ionic strength water More details of these analyses are presented in
Section 2 2.7. These long-term corrosion tests are expected to last a minimum of 5 years

A mathematical model for predicting corrosion rates of carbon steel has been developed
by linear regression analysis of the same long-term corrosion data This analysis is presented
in Section 2.8 2 2 and gives the corrosion rate in terms of temperature, pH, and equivalent
chloride concentrations The positive and negative coefficients in this regression analysis
show that the maximum corrosion rate occurs at 75-80°C under immersion conditions, which
agrees well with many other results in the technical literature

Because the dripping-water scenario is assumed to be the most plausible water-contact
maode, the nature of the drip formation is important in determining how long a carbon-steel
barrier will last before penetration. Usually, development of drip scenarios belongs to
hydrological and geochemical studies, but, from a corrosion viewpoint, it is important
whether drips issue continually from a given fracture or whether a given fracture eventually
plug up and percolating water moves elsewhere. In the current Total System Performance
Assessment (TSPA), the container surface is divided up into a large number of patches. If
high and low corrosion-rate events alternate on a given patch of the container, then a long-
lived outer barrier is forecast, and its wastage is determined mostly by the slow general-
corrosion rate in an atmosphere becoming progressively more humid. If (as is imagined
under the very conservative approach made in TSPA-VA) a given paich becomes wet and
stays wet, because the water-admitting fracture does not seal, then corrosive attack proceeds
in a drill-like penetration over relatively small areas of the container. The nonuniformity of
the environment depicted in this type of approach is a major problem in predicting the
performance of steel (or any other corrosion-allowance material). Obviously, more analyses
are needed, and these analyses must involve people from other areas in the project besides
the engineered barrier materials group, to better determine the details of the water-contact
mode with the outer barrier.

Corrosion Localization Effects on Carbon Steel

Localization of the corrosion attack on carbon steel was one of the important technical
issues discussed during the past year with the various expert panel groups convened by YMP
(see the final section of this executive summary). Reports in the technical literature on long-
term exposure (on the order of several years) of carbon steels under immersion conditions
indicate that, in addition to the general corrosion, pits form on the steel. These pits tend to be
shallow and broad, as opposed to the very deep but narrow pits that occur on susceptible
corrosion-resistant metals. Quantification of the corrosion-localization factor {ratio of depth
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of localized penetrations to the depth of generalized attack) has not been completed for the
carbon-steel specimens. These measurements are tedious. However, analyses from the
technical literature suggests localized penetration will be about 2x as deep after several years
of exposure, and this factor appears to decrease with time as the general corrosion
penetration grows deeper.

Microbiological activity (bacteria and fungi) is a possible corrosion-enhancing scenario on
a wet carbon-steel surface. Section 2.5 of the report describes the work in progress to evaluate
the potential for microbiologically influenced corrosion (MIC) Microbial activity requires
aqueous conditions for sustenance It is believed that the repository environment is
somewhat “starved” for nutrients that promote microbiological activity. However, results
from the microcosm experiments indicate that MIC on carbon steel will occur once aqueous
conditions are present on the surface even under very limited nutrient-availability conditions
Acid-forming bacteria appear to propagate under limited nutrient availability, and these
bacterial strains are corrosive to carbon steel (see Section 2 5.4). Comparison of the
measurements of the corrosion rates of carbon steel in sterile media and in bacteria-
inoculated media indicates that the general-corrosion rates increase by 5 to 7 times,
depending on the particular bacteria strains used in the test The test environment was ~10x
the ionic content of J-13 well water Also, the corrosion potential decreases in the inoculated
environment, indicative of a lowered pH (see Section 2.57) Work is underway to better
characterize the nature of this attack in terms of the corrosion products and whether there are
any localization factors

Other Degradation Modes on Carbon Steel

Environmentally accelerated cracking of carbon steel, whether by an anodic path or
cathodic path, has not been considered an important degradation mode, and no experimental
work has been undertaken. Some analyses of temper embrittlement of carbon steel have been
undertaken, and are discussed in Sections 2 6 and 2 8 of the report The conclusion from these
analyses is that the residual element content in A516 steel and the container-surface
temperatures in the repository are too low to cause precipitation of nonmetallic inclusions
that are responsible for this type of degradation

Waste Package Degradation: Outer Barrier/Inner Barrier Interface

Once the 10-cm-thick carbon steel has been penetrated, our attention shifts to corrosion at
the interface. Several concurrent effects occur at the interface, and these concurrent effects are
the focus of much of the WP performance model, discussed in Section 2.8. These concurrent
effects include a crevice geometry, galvanic coupling between the two electrochemically
dissimilar metals, and residual stress from the container fabrication and welding processes.

Crevice and Galvanic Effects at the Interface

Depending on how the individual barriers are fabricated and assembled, a crevice may be
formed between the two barriers. The shrink-fit process, which has been used to produce
scaled-down prototypes of the WP (see Section 2.6.4), will result in crevice formation between
the outer steel layer and inner Ni-base alloy layer. Nonconcentricity of the two cylindrical
sections, used to make the outer shell of the container, prevents complete contact as the two
barriers press together. Designers have been concerned about the kind of environment that
would develop in this creviced region, and, specifically, whether it is enriched in ferric
chloride. Work has been undertaken to determine the corrosion performance in environments
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simulating the crevice (see Section 2 3.2) As expected, Alloy C-22 exhibited much greater
resistance to localized corrosion effects than the other Ni-base alloys tested, as indicated in
determinations of the pitting potentials and repassivation potentials In general, these critical
potentials are considerably more positive than the corrosion potential for Alloy C-22,
indicating a very strong resistance to localized attack such as crevice corrosion or pitting
corrosion Even when a specimen of this alloy was held at an applied potential some 900 mV
above the corrosion potential for 4 days, no localized attack was observed and only some
discoloration of the specimen occurred It would require addition of a very strong oxidant to
the environment to cause such a shift in the corrosion potential, and this type of event is
thought highly unlikely in the repository By the time the steel has corroded to expose the
underlying Alloy C-22 (this is expected to be at least several hundred years), the gamma
radiation will have decayed many orders of magnitude (the half-lives of the significant
gamma emitters are ~30 yr), so that no source of strong oxidant is present

Analysis of the YM experimental work, along with work reported in the corrosion
literature, indicate that extremely aggressive conditions are required to initiate crevice and
pitting corrosion on Alloy C-22. This is discussed under corrosion modeling in Section 2.8 3
The crevice-corrosion model predicts a pH of ~2.8 for Ni-Cr-Mo alloys, such as Alloy C-22,
with corresponding electromigration of chloride and other anions into the crevice At this pH
value, the solubility of FeCl, is very low. The predicted environmental conditions in the
crevice are not severe compared to the performance of Alioy C-22, so this alloy is expected to
resist attack when creviced The remaining steel will also tend to reduce the common
corrosion potential for the two metals in galvanic contact, so the critical potentials for Alloy
C-22 are even further removed from the corrosion potential. Galvanic effects are further
discussed in Section 2 3 5, where potentials and currents have been measured for different
combinations of metals and in different area ratios All of these results show a strong shift in
the coupled metals toward the corrosion potential of the steel Work is underway to perform
microchemical analyses in actual crevices to determine whether the calculated chemical
conditions are in fact the correct conditions This work is described in Section 2 8 3.9

Stress Effects at the Interface

Residual stresses left from the container fabrication and welding processes can contribute
to the degradation of the inner barrier by making the material susceptible to either anodic-
path stress corrosion cracking (SCC) or cathodic-path hydrogen embrittlement The residual
stress is expected to be highest near welds; if this is coupled with a susceptible
microstructure, then perhaps cracking can occur. Analysis of the stress in the weld region
indicates that it can be near the yield strength of the material (see Section 2.8.5.5). Ni-Cr-Mo
alloys are normally very resistant to SCC even in acidic chloride environments, which could
be produced in creviced areas. Some work has been initiated using precracked, self-loaded,
fracture-mechanics types of specimens (see Section 2.4 2) Some of these results appear to
show elongation of the existing crack when exposed to pH 2.7 chloride solutions, but these
results must await additional exposure time for more definitive results. Other types of 5CC
tests are planned for the near future to ascertain whether Alloy C-22 is susceptible to this
cracking. Also, work is planned to determine whether hydrogen effects exist on Alloy C-22
when it is in the more hydrogen-sensitive ordered microstructural condition and
simultaneously cathodically polarized by being coupled to the steel. More on this subject can
be found in Sections 2.6.2 and 2.4.3. Additional sources of stress at the outer barrier/inner
barrier interface are residual stresses from the shrink-fit process and the possible wedging
effect caused by formation of voluminous iron-rich corrosion products in the restricted
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crevice geometry. Stress-analysis models are being developed to evaluate whether these
sources are particularly damaging. These are discussed in both Sections 2.6 3 and 2.8 5.

Waste Package Degradation: Inner Barrier

Once enough of the carbon-steel outer barrier is mostly corroded away (so that galvanic
effects are minimal), the inner barrier must stand on its own. The main environment-related
concern is whether a localized form of stress corrosion would menace the performance The
degradation model development indicates that even if pits were initiated on the surface of the
exposed Alloy C-22, their propagation will be the stifled. This argument is based on the
formation of film-forming compounds, which in turn is based on solubility and hydrolysis
considerations for the various corrosion products (see Section 2.8.3). Because of the stability
of Mo and W compounds at very low pH values, and the stability of Cr and Ni in the middle
and upper pH ranges, the stability of passive films on Alloy C-22 has a remarkably broad pH
range. As indicated in the previous discussion on crevice and pitting corrosion initiation,
these degradation modes require the presence of a strong oxidant to destabilize the passive
film Even if such an event were to occur and initiate localized corrosion, the broad range of
chemical stability of this film would tend to restore the passivity and slow down the
propagation.

A further mitigating factor in slowing localized-corrosion propagation is the ever-
decreasing temperature of the container surface The critical temperatures for the Alloy C-22
are above 100°C (except in strongly oxidizing solutions), and when the carbon steel has
finally corroded through, the temperature at the inner barrier surface should be well below
any critical condition Localized corrosion of the inner barrier material therefore seems very
remote Stress corrosion perhaps a possibility, but the decreasing temperature should help to
mitigate against this phenomenon as well Hydrogen embrittlement should completely cease
as a degradation mode, once the steel is corroded away

Microstructural Effects in Alloy C-22

However, one potential degradation phenomenon remains. the phase instability of the
alloy under certain conditions In the multiple component Alloy C-22, the possibility exists
that brittle intermetallic phases will form, particularly sigma and mu phases. Normally, these
phases are not a problem in the base alloy, because they can be controlled by alloy
composition, fabrication processing, and heat treatment. Some ordering of the structure may
occur over long times at moderately elevated temperatures, but this reaction results only in a
small reduction of mechanical properties. Brittle intermetallic phases may occur, however, in
the welded region (see Section 2.6.2), because of nonequilibrium conditions and possible
temperature excursions in the 600-800°C range, where these phases readily form. Working
arrangements have been established with nickel producers who have made available some
material that has been previously thermally aged. Transmission electron microscopy reveals
that none of the harmful brittle phases occurs in Alloy C-22 aged for more than 5 yr at 427°C,
but some intermetallic phases were observed on samples aged for 1.8 yr at 760°C. In addition
to reduction of the mechanical properties, formation of brittle intermetallic phases also
denudes localized areas around the phases in Cr, Mo, and W, making these areas more prone
to localized attack, often along grain boundaries.
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Passive Corrosion of Alloy C-22

In the absence of pitting corrosion, crevice corrosion, stress corrosion cracking, hydrogen
embrittlement, or embrittlement by phase instability, the default degradation mode of Alloy
C-22 is the low rate of general corrosion on the passivated surface. Results from the long-term
corrosion test (Sections 2.2 6 and 2 2.7) and a linear regression analysis (Section 2.8 2.4)
indicate that the rates are indeed quite low (in the range of 0.01 to 0 10 tm/yr) in the aqueous
environments that are relevant to the repository In fact, many of these rates are
experimentally barely measurable after 6-month and 1-year exposure periods. Projection of
these rates indicates that the 2-cm thick Alloy C-22 barrier would survive for a very long
time

Alloy C-22 was developed in the early 1980s, but its parent material, Alloy C or Hastelloy
C, has been commercially available since the 1930s A panel of Alloy C has been exposed at
Kure Beach, NC, since 1941 and is shown in Figure 1 4-1. During the more than 50 years of
exposure, the specimen has been subjected to a range of temperatures, humidities, alternate
wetting and drying cycles, periodic flooding, and abundant salt spray, because the exposure
location is 250 m from shore. The original mirror finish on the specimen is still intact after all
the years of exposure This observation indicates that the material is quite corrosion resistant
{Alloy C differs from C-22 in having a much higher carbon content, considerably lower
chromium content, and higher iron content If there are any effects in the seacoast exposure,
Alloy C-22 would be expected to be even more resistant)

Figure 0-1.  Specimen of Hastelloy C exposed at Kure Beach, North Carolina, 250 m from
shore. The specimen retains its original mirror finish after more than 50 years of
exposure. (Photo courtesy of Ralph Moller, Nickel Development Institute.)

Ceramic Coatings

Because of the need to demonstrate that a very long-lived WP could be designed and
fabricated, the use of ceramic coatings are being explored as a means to prolong the time until
water contacts the outer steel barrier. One practical way of coating the steel is thermally
spraying the ceramic. The different materials and different thermal-spray processes under
consideration are discussed in Sections 3 1 and 3.2, and the various test methods for
evaluating the performance of these coatings are discussed in Section 3 3. Of the materials
under consideration, a magnesia~alumina spinel appears most promising because it avoids
the undesirable phase transformation problem in pure alumina, and low porosity coatings
can be made. Of the various thermal spray processes evaluated to date, the high-velocity
oxygenated fuel (HVOF) process appears to be the most successful. So far, ceramic coatings
on steel appear to greatly prolong the service lifetime over that of the bare metal

Carbon-steel specimens coated with different materials applied by different processes are
being exposed in the Long-Term Corrosion Test Facility (LTCTF; see Section 2 2) with
periodic withdrawal of specimens for evaluation. Coating porosity was also a test variable,
and pretest metalographic and microscopic evaluation of the coatings was performed. To
date, the high-density (low-porosity) coatings have held up well in the test environments
with no apparent penetration by the fluid to the steel surface. As expected, the highly porous
coatings showed water penetration and spalling of the coating from the steel substrate. A
major concern is interconnected porosity leading to a pathway for water penetration, and ac
impedance spectroscopy is being used to evaluate this phenomenon. Some otherwise high
integrity coatings have been intentionally slotted to allow easy water entry to the steel surface
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and to determine whether and how undermining of the coating will occur It appears that
steel corrosion products may stifle further corrosion and damage to the coating The exposure
period has so far only been a few months, and obviously longer periods are needed.

A preliminary mathematical model has also been advanced for projecting fluid flow
through interconnected porosity, assuming different regimes of pores filled or partially filled
with water. Also, ways of mitigating porosity effects, essentially by adding sacrificial anodic
materials (Zn and Al metal) to the coating, are discussed (see Section 3 5).

Other EBS Materials

A large amount of concrete or other cementitious material will be placed around the WP.
These materials will be used as part of the invert and pier structure to support the WP and to
line the drift walls above the WP The degradation of the concrete by its reaction with heat,
moisture, carbon dioxide, and microbial activity will, in furn, affect the performance of the
WP. The concrete is expected to degrade long before the metal WP, so it is assumed that
water eventually contacting the WI” will first be conditioned by contact with the degraded
concrete One of the bounding environments used in the long-term corrosion test corresponds
to the expected composition of this conditioned water The work, which is presented in
Section 5 of the report, focuses on the hydrothermal and environmental degradation of
concrete and cements Section 5 also discusses steel reinforcement materials (rebar) and their
expected reaction with concrete and aqueous environments

One of the important functions of the internal structure in spent-fuel WPs is to provide
criticality control once the packages are breached and allowed to fill with water Neutron-
absorbing materials are used for some components in this structure A survey of these
materials was discussed in the previous EMCR Volume 3 Since that time, additional studies
show that borated aluminum material, even in the anodized condition, corrodes rapidly
(Section 4 0) Boron-containing stainless steels are under test in the LTCTF (Section 2 2).
Electrochemical evaluation is also being performed on these materials, and results to date
indicate that the boride phase is cathodic and would be left behind (and still function as a
neutron-absorber material) in an aggressive water-chemistry scenario.

Expert Panels

During the past year a number of review panels have been formed under various
auspices to lend additional professional and expert judgment and opinion to the project
technical staff on the direction of the work and interpretation of results available to date. The
purpose of these panels was to bring in experts in the field of metal corrosion and
degradation. One important review panel was the one formed specifically for WP
degradation (the Waste Package Degradation Expert Elicitation, or WPDEE, Panel). This
panel consisted of two panel members from within YMP and four outside members. Several
parts of the discussion in Section 2 8 on corrosion modeling and supporting references were
drawn from the WPDEE Panel One of the functions of that panel was to help fill information
gaps where repository-relevant data is not yet available The panel members also worked
closely with the WP performance-assessment group and supplied information that is being
used in the Waste Package Degradation code. Individual and consensus elicitations from the
panel indicate that the VA-design carbon steel-over-Alloy C-22 WP will endure for a
considerable amount of time, and even with very conservative (that is, high corrosion rates)
estimates of degradation modes and very conservative estimates of the water contact (that is,
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once water begins to drip on the package, it never ceases), at least 8,000 years will elapse
before the two layers of the WP are breached

Other panels were formed with a much broader scope These include the TSPA panel and
the Repository Consulting Board, but in each case the panel or board included at least one
member with expertise in metallic corrosion The work of these panels also helps to guide
and critique the work reported here Their work will continue past the VA
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Engineered Materials Characterization Report, Volume 3

Corrosion Data and Modeling Update for Viability Assessment

1. Introduction

by R. Daniel McCright

The Engineered Materials Characterization Report (EMCR) serves as a source of information
on the properties of materials proposed as elements in the engineered barrier system (EBS)
for the potential Yucca Mountain nuclear waste repository The Yucca Mountain site is being
characterized to determine whether it is a suitable location to house the nation’s commercial
spent nuclear fuel and high-level reprocessed waste The initial version of this report was
compiled in December 1994 In the initial version {Revision 0}, the report was divided into
three volumes Volume 1 covered the background and history of the materials effort
Volume 2 covered the physical and mechanical properties of paramount interest to the waste
package design effort Volume 3 covered the corrosion data and modeling effort A revision
(Revision 1) to Volume 3 was prepared in April 1997 and included corrosion test data up to
that date as well as the performance modeling for the various candidate materials under
consideration

This update is an extension of Revision 1, and includes test data and progress on
performance modeling through May 1998 This update is not intended to be a revision of the
April 1997 version of the EMCR Volume 3, but rather a supplement to that report Volumes 1
and 2 of the December 1994 issue of the EMCR (McCright, 1996) were not revised in April
1997 (Van Konynenburg et al , 1997) and are not being revised or updated at this time
because the information contained within them is still current

This update to Volume 3 is being prepared as a companion document for the project-wide
Viability Assessment (VA) report. As such, this update contains test information relative to
the VA design for the waste package and EBS and details on the models for performance of
the waste package that are being used for the Total System Performance Assessment for this
Viability Assessment (TSPA-VA)

The EMCR also serves as a companion document to comparable reports prepared on the
near-field environment (WBS 1 2 3 12) and the waste form (1 2 2 4) technical area (Wilder,
1997, Stout and Leider, 1997) These reports are also periodically revised and updated

Waste Package Design and Emplacement

The emphasis of this report is on the waste package container materials being evaluated
as part of the VA design namely, a thick outer barrier of carbon steel, specifically American
Society for Testing and Materials (ASTM) A516 Grade 55 surrounding a thinner inner barrier
of a high-performance Ni-Cr~Mo alloy, specifically Alloy C-22 These materials are also
identified by their ASTM-SAE Unified Numbering System (UNS) designations* K01800 for
the A516 carbon steel, and N06022 for Alloy C-22 The proposed thickness dimensions are
10 cm for the outer barrier and 2 cm for the inner barrier, The total thickness of the two
barriers strongly attenuates the amount of gamma radiation that can penetrate the container,
so that radiolysis effects on the environment are very small, if not negligible The thick
carbon-steel layer provides considerable structural strength to the waste package and makes
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it robust with regard to handling and emplacement operations. All of the waste packages
have the common configuration of the carbon-steel outer and Alloy C-22 inner barriers Other
candidate materials are under consideration for different waste package designs and
configurations of the individual barriers that will be evaluated in the future These materials
are discussed at different places in this report

The overall strategy in the selection of material for the VA design is that the carbon steel
will slowly oxidize during the hot and dry thermal period, when heat from the waste
package keeps the container surface temperature well above the boiling point of water. Any
incoming water is vaporized As the temperature cools, the atmosphere around the waste
package becomes more humid, and aqueous corrosion processes can begin once the humidity
attains a “critical” level Eventually, water will drip from the drift ceiling and will strike the
waste package Depending on the water chemistry, such water will corrode the steel at low to
moderate rates The steel is viewed as a corrosion-allowance material {(CAM), and it is
assumed that it will eventually be consumed by the corrosion processes Depending on our
models for hydrology in the heat-disturbed environment in the repository drift and nearby
rock, water access to the container surface will not occur until many hundreds of years after
emplacement. As the steel is penetrated, areas of the underlying Alloy C-22 are exposed to
the environment. This material is a highly corrosion resistant material (CRM) in a very wide
range of environmental chemistries It is believed that this material will provide thousands of
years of containment before it is eventually breached Several scenarios for possible corrosion
of the C-22 are the focus of much of the work discussed in Section 2 of this report

Other nickel-base alloys have been evaluated in the past as inner barrier materials, with
particular focus on Alloy 825 and Alloy 625 After much discussion within the Yucca
Mountain Project and the larger corrosion community, Alloy C-22 was selected for the waste
package VA design because of ifs superior corrosion resistance, even in very aggressive
environments (Pasupathi, 1997)

Figure 1-1 is a schematic of a large spent nuclear fuel (SNF) waste package This
particular design accommodates 21 PWR assemblies or 44 BWR assemblies The outer
diameter of this two-barrier container is approximately 1 8 m Figure 1-2 is a schematic of a
similar, but smaller, SNF waste package designed to accommodate 12 PWR or 24 BWR
assemblies The outer diameter of this smaller package is approximately 15 m The length of
the waste package container varies to accommodate the lengths of the fuel rods, most waste
packages are 5 7 m in length Special spent fuel from DOE experimental reactors and that
from non-light-water reactor commercial power plants will be accommodated in
appropriately sized containers The cut-away sections in Figures 1-1 and 1-2 show the
internal structure of the waste package The internal structure consists of an interlocking
series of plates or grids to support and separate the individual fuel rod assemblies and to
provide a conduit for heat transfer from the fuel rods to the waste package container The
system of grids is often called the basket Long-term criticality control is important. Borated
stainless steel is used for many elements in the grid structure, the boron addition acting to
capture neutrons from the decaying spent fuel Carbon steel is also used for many of the
internal supporting structural members (corner guides and slide guides), which also serve to
dissipate heat from the fuel to the container The largest spent fuel waste packages weigh
approximately 34 metric tonnes unloaded, and approximately 50 metric tonnes loaded
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Figure 1-1.  Schematic of the large spent nuclear fuel waste package. This package can
accommodate 21 PWR or 44 BWR assemblies. The schematic shows the outer A516
carbon steel barrier and the inner Alloy C-22 barrier. Internal support and
criticality control components are also shown.

Figure 1-2.  Schematic of the small spent nuclear fuel waste package. This package can
accommodate 12 PWR or 24 BWR assemblies. The schematic shows the outer A516
carbon steel barrier and the inner Alloy C-22 barrier. Internal support and
criticality control components are also shown.

Figure 1-3 shows the waste package design for vitrified high-level waste for both defense
waste currently being processed at the Savannah River and Hanford sites and for the small
amount of commercially reprocessed waste processed at the West Valley site The waste is
encapsulated in a borosilicate glass that is melted and poured into Type 304L stainless-steel
pour canisters at the respective sites In the current design for the vitrified waste package,
five or these pour canisters will be placed inside the two-barrier carbon-steel/alloy C-22
container. The diameter of the vitrified waste package is 1 8 m, and its lengthis 3 é m In
contrast to the spent fuel package, the smaller radionuclide inventory in the vitrified waste
packages results in lower surface temperatures

Figure 1-3.  Schematic of the waste package containing high-level reprocessed, vitrified waste.
The waste is contained in the stainless-steel pour canisters, which are enclosed in
the outer A516 carbon steel and inner Alloy C-22 two-barrier disposal container.

Waste packages will be emplaced horizontally in drifts A schematic of such emplacement
is shown in Figure 1-4 The waste packages will be supported initially by a system of steel
piers that raise them off the floor of the emplacement drift The piers will eventually corrode
away, and the package will slide to the floor The floor is made of a concrete invert segment
The drift walls are lined with concrete The concrete will degrade with time, and its
degradation affects water coming into the repository, which will then affect the waste
package The current plan is to co-mingle the vitrified waste packages among the spent fuel
waste packages (also shown in Figure 1-4) to maintain a more even temperature in the
repository emplacement drifts. This is important for performance considerations of the waste
package container material The drifts may eventually be filled with a backfilled material,
most likely the crushed tuff rock removed during repository excavation. The backfill serves
to cushion the waste packages from falling rock It also could retard water entry into the drift
by maintaining a higher drift temperature

Figure 1-4.  Schematic showing emplacement of spent nuclear fuel and high-level reprocessed
waste in the repository drift. The schematic shows commingling of the two kinds
of waste packages. The invert and support structure for the waste packages are
also shown.

Much more detailed reports on the waste package design, configuration of barrier, and
emplacement descriptions and options are available (see, for example, CRWMS M&O, 1997)

Different fabrication processes are under evaluation for producing the waste package Itis
expected that much of the assembly of the shell of the waste package will be performed away
from the repository, but the spent fuel or pour canister waste-loading operations will be done
at a surface facility to be built at the base of Yucca Mountain The lids of the waste package
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container will be welded onto the container shell at the surface facility after the container is
loaded with waste. A container fabrication process that has received a great deal of attention
is shrink fitting the steel over the nickel-base alloy The steel piece is heated, slipped past the
cold nickel-alloy piece, and then allowed to cool Contraction of the steel ensures a tight fit
against the nickel alloy, so that a “monolithic” shell is created The fabrication process has
important implications on the container material performance, as is discussed in different
sections of this report. The shell itself will likely be made of two (or more) rolled and welded
plates The welding process and resulting microstructure have important performance
implications on the container, and this topic is discussed in appropriate sections of this
report

The waste package and EBS have recently received considerable attention in terms of
demonstrating that the repository will indeed be able to confain and isolate the waste for
very long time periods Because of the attention, a very long-lived waste package is sought,
and various ways of enhancing the performance are under evaluation Testing of several
highly corrosion resistant metals is underway, and perhaps different combinations of these
metals could be used with or without a steel barrier Thermally sprayed ceramic coatings on
steel (or other metals) is another way to enhance performance by keeping water away from
the metal surface Backfilled materials will increase the container temperature and therefore
keep the waste package hotter and drier for an extended period of time. Although most of the
corrosion testing and modeling work supporting this report has been performed with the
carbon steel over Alioy C-22 configuration as the goal, some testing and evaluation of other
options have proceeded, as discussed in this report

Organization of This Report

This report discusses the progress on predicting the performance of the two-barrier waste
package and the other components of the EBS Section 2—the longest section of the report—
focuses on the waste package, both the current inner and outer barrier materials for the VA
design and other metallic materials being considered in alternative design options Section 3
deals with ceramic coatings, which are one of the options under investigation for prolonging
the container life Section 4 is devoted to the basket materials for maintaining criticality
control inside the waste package Section 5 covers work on concretes used for the drift invert
and liner material

The arrangement of this report corresponds to the formal work breakdown structure
{WBS) of the project. The metallic barriers work described in Section 2 is WB51.225.1 The
ceramic coating work described in Section 3 is WBS 122 5.6 The work on criticality control
materials in Section 4 is WBS 12 2.5 2. The invert materials work in Section5is WBS 12255
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2. Metallic Barriers Testing and Modeling

Overview

This section of the report discusses in detail the work that is being performed on
developing models to predict the performance of a dual-barrier container It also discusses
the experimental work that provides the physical, chemical, mechanical, and structural
support for the models The current design concept consists of an outer barrier made froma
corrosion-allowance material (CAM) and an inner barrier made from a corrosion resistant
material (CRM) The Viability Assessment (VA) design focuses on an A516 Grade 55 carbon-
steel outer barrier and a Ni~Cr-Mo Alloy C-22 inner barrier, however, experimental work on
other candidate materials is also presented here

The major planning document for both the testing and modeling activities for the metal
barriers (WBS 1 2 2 5 1) is the Scientific Investigation Plan (SIP) (McCright, 1996) The SIP
divides the work into four areas

1 Degradation-mode surveys

2 Corrosion testing and physical properties evaluation
3 Model development of performance behavior

4 Materials recommendations

The degradation-mode surveys were discussed in the 1997 revision of the EMCR, Volume 3,
and the list of references is repeated because these documents furnish a considerable amount
of information on the expected performance of the materials in environments relative to the
repository (Farmer et al , 1986, Gdowski, 1991, Vinson et al , 1995, Vinson and Bullen, 1995,
Roy and Jones , 1996) Since 1997, an additional degradation-mode survey has been prepared
on titanium-base alloys (Gdowski, 1997) Progress made on the corrosion testing and physical
properties evaluation will be the subject of Sections 2 1 through 2 6 of this report, model
development is discussed in detail in Section 2 8 Materials recommendation for the license
application design is a longer-range activity and will not be addressed in this update

The principle of the two-barrier configuration is that the different types of barrier
materials will respond quite differently to the changes of environments that will occur over
the very long time periods of concern for waste containment Stated another way, the two
materials are different from one another in the electrochemical sense, so it is quite unlikely
that they will fail (fail in the sense of a through-wall breach) by the same cause. Scenarios
have been advanced to describe how and when the waste package container will degrade and
to identify the most likely forms of corrosion (and in some cases embrittlement) Figure 2-1
shows a sequence of degradation events This sequence forms the framework of a brief
discussion here, more detail is provided in the subsections that follow.

Figure 2-1.  Schematic of a degraded waste package container showing the different possible
degradation modes occurring on the two barriers. The extent of each degradation
mode depends strongly on the materials chosen for each barrier and many aspects
of the environment and water chemistry contacting each barrier.
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Corrosion of the Quter Barrier

As shown in Figure 2-1 (see item 1), the first mode sequentially is oxidation and eventual
aqueous corrosion of the outer barrier Animportant part of the waste-isolation strategy at
Yucca Mountain is to design the waste package repository so that the environment
surrounding the waste packages remains warm and dry for a lengthy period. Depending on
many details of the repository layout and the thermal output of the waste packages, estimates
of peak temperatures near 200°C on the surface of the container have been made for the
waste packages in the center of the repository Waste packages at the repository periphery
will develop lower peak temperatures. The peak temperatures are obtained shortly after
emplacement, then the temperatures slowly drop. The thick outer barrier of the waste
package (on the order of 10 cm thick) is expected to slowly oxidize under these conditions

As the temperature decreases and conditions become progressively more humid, a peint
is reached at which aqueous-corrosion effects may develop Depending on the repository
design and the location within the array of waste packages, such effects may take several
hundred to well over a thousand years until the container surface cools to the boiling point
(97°C for pure water at the elevation of Yucca Mountain, however, dissolved salts will raise
this temperature by a few degrees) Water drips from the drift wall would contact the
container near the top or roll around the surface and accumulate near the bottom, so both
areas are shown in Figure 2-1 It is generally believed that large areas of the container surface
would not be immersed because of the abundance of rock fractures both above and below the
repository horizon In addition, the overall flux of water averaged over the long containment
period is expected to be low However, the uncertainty that some high pluvial event coupled
with a juxtaposition of water eniry with slow drainage (such as by a plugged network of
fractures below the repository) occurring at some location in the repository layout requires
consideration of aqueous corrosion effects Corrosion-allowance materials, such as carbon
steel, are proposed for the outer barrier These materials would withstand the low-
temperature oxidation and would corrode at moderate rates once they are wet A
considerable amount of work on determining corrosion rates of carbon steel in atmospheres
of varying humidity has been undertaken and is reported in Section 21

The corrosion rate of carbon steel depends on the chemical composition of the water, and
on the oxygen content in particular. The fracture network in the rock ensures air exchange,
and the water is expected to be oxygen-saturated at whatever temperature is occurring
Water chemistries of groundwaters and vadose waters of the site have been measured and
discussed (McCright, 1996) The pH of these waters is close to neutral or slightly alkaline
Passage of water past the concrete liner is expected to leach calcium compounds and saturate
the water in calcium carbonate. This event is expect of provide some mitigation to the
corrosiveness of the water Measurements of the corrosion rates of carbon steel in waters of
different composition has been performed in the Long Term Corrosion Test Facility (LTCTF)
This work is reported in Section 2.2.

On the other hand, microbial activity could enhance the aggressivity of water (Figure 2-1,
item 3) In much the same way that the appearance of a water film on a metal surface exposed
in a sufficiently humid atmosphere marks the beginning of the electrolytic processes of
aqueous corrosion, the water film also supports microbiological life In the hot, dry
repository, microbiologically influenced corrosion (MIC) seems an impossibility, but as
temperatures cool and humidities rise, MIC becomes a possibility Several different types of
microbial species attack CAMs like carbon steel. Native colonies of the corrosion-enhancing
bacteria are found in Yucca Mountain, however, the low organic carbon content and the
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virtual absence of phosphate in waters associated with the site suggest unfavorable
conditions for continued propagation of microbial species In contrast, human intrusion
during repository construction and operation can introduce more favorable conditions for
microbiological activity Work in evaluating the propensity of microbiological activity in the
vicinity of the waste package and its effect on the container performance (particularly that of
steel) is discussed in Section 2 5

Corrosion at the Quter-Barrier/Inner-Barrier Interface

Several galvanic effects are possible between the outer-barrier and inner-barrier materials,
once the thick outer barrier has been penetrated and the inner barrier is exposed (Figure 2-1,
item 4). The inner barrier is proposed to be rnade from a highly corrosion resistant material
(CRM) The most obvious galvanic effect is that the remaining carbon steel will corrode ata
somewhat faster rate while the inner barrier materials is protected However, soluble ferric
corrosion products are aggressive towards many of the nickel-base alloys. In this particular
configuration, the possibility of a creviced region between the two metals (resulting from a
less-than-perfect fit when the container is fabricated) favors a lower pH and high anion
concentrations where the detrimental effects of the ferric ion would be greatest Insoluble
corrosion products from the outer barrier can also create under-deposit types of crevices,
affecting the inner barrier Work on galvanic effects between the two barriers is discussed in
Sections22and 2 3

Exposed areas of the inner barrier are subject to localized corrosion attack (Figure 2-1,
item 5), which is the usual degradation mode for CRMs Once again, depending on the
severity of the water chemistry and choice of material, corrosive attack may be extremely
modest and provide for a very long life One of the major candidate materials, Alloy C-22, is
extremely resistant to pitting, crevice, and intergranular corrosion, including environments
containing some ferric chloride Higher concentrations (several wt%) of Fe(l; with a trace of
Alloy C-22 Even if the salts present in the ground water concentrate on the warm metal
surface, the net effect may produce an environment that is not highly aggressive The high
bicarbonate content of the ground water tends to act as an effective pH buffer, maintaining
water in the moderately alkaline range such that corrosion effects tend to be mitigated for
many metals. Solubility limitations will prevent all the salts from concentrating to the same
degree In the absence of localized corrosion and stress-accelerated corrosion effects
(discussed next), the “default” corrosion mode for Alloy C-22 is slow, general corrosion on
the passive metal Localized corrosion of the inner-barrier material is discussed in Section 23
(electrochemical approaches) and Section 2 7 (advanced techniques) General corrosion of the
inner-barrier material is discussed in Section 2 2 (Long-Term Corrosion Test Facility work)

The next group of concerns (Figure 2-1, item 6) is centered on stress Although
ponderous, the weight of the waste package will not produce high stress in the container
walls, but residual stress may be left from the shrink-fit fabrication and welding processes, if
not annealed out Areas around the welds are believed to be the most vulnerable. Another
potential source of stress is the wedging effect caused by formation of voluminous corrosion
product, particularly at the interface between the two materials Once again, depending on
the particular alloy used and the galvanic configuration between the barriers, one or both of
the barriers may be subject to anodic-path stress corrosion cracking (SCC) or cathodically
induced hydrogen embrittlement (HE} Many of the candidate materials for the inner barrier
are quite resistant to SCC even in highly aggressive solutions, such as acidic chlorides
However, such materials may have some susceptibility to HE effects if they are cathodic to
carbon steel. Work on stress corrosion is discussed in Section 2.4
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Another group of potential problems (Figure 2-1, item 2) is also related to residual stress
to welded areas Although an extensive container-inspection program is planned before
waste packages are emplaced, a very small number of containers may have undetected cracks
that propagate after emplacement. In addition, some candidate materials show some
tendency to form brittle intermetallic phases that are undetected when the container is freshly
fabricated but that propagate during the lengthy exposure to modestly high temperatures
These types of failures can occur throughout the containment period Unlike the corrosion
degradation modes, their occurrence does not depend on water entry and access to the waste
package container surface Work on microstructural analysis, particularly such analysis of the
Alloy C-22 inner barrier, is described in Section 2.6

Thus, several different scenarjos for waste package container degradation are possible
over the long containment period, several hundreds to thousands of years An active testing
program has been initiated to resolve the rates of degradation and to determine whether or
not the various corrosion and other metallurgical degradation modes really will occur in the
repository sefting. One substantial difficulty in making these kinds of analyses and
establishing a testing program is that the environment certainly will change with time and
likely will change with location within the repository. In addition, the environment varies
from place to place on the container surface because most aqueous effects result from
dripping and ground water salt accumulations. The testing program must therefore bracket
the ranges of environmental conditions, and it must also include conditions corresponding to
“what-if” scenarios—events believed to be unlikely but still credible and usually limited to
situations involving only a few containers

Modeling of Corrosion Performance

Presentation of the modeling work in this report follows much the same organization as
that described above First, models are described for performance of the outer barrier Then,
models to predict the performance at the breached outer-barrier/inner-barrier interface are
presented Finally, the models for predicting eventual degradation of the inner barrier are
discussed Modeling of the waste package container is discussed in Section 2 8

List of Candidate Materials

The VA design concept for the waste package consists of an inner CRM surrounded by a
much thicker layer of a CAM Specifically for the VA design, the focus is on an inner barrier
of Alloy C-22 and an outer barrier of A516 Grade 55 carbon steel. The chemical compositions
of these materials, along with those of other candidate materials, are shown in Table 2-1

Several of the candidate materials continue to be tested because their comparative
behaviors are used in corrosion model development This is especially true for the CRMs,
where the less-alloyed (in the sense of the Cr + Mo content) Alloy 825 is expected to suffer
more extensive localized corrosion than the more highly alloyed Alloy C-22. Previous
container design efforts have focused on Alloys 825 and 625, hence their incorporation in the
testing activities. The other Ni-base materials, Alloys G-3 and C+4, have been retained in the
testing program because they have some potential advantages. Two grades of titanium are
also being tested because some additional future design work may focus on a multiple
corrosion-resistant-barrier design

Different grades of steels are being investigated for the outer barrier. A wrought
hypoeutectoid steel (A516) and a cast steel (A27) of similar carbon content are being tested to
allow some diversity in product forms. Whereas rolled and welded plate has generally been
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the choice of starting material for fabricating the container, some consideration has been
given to cast material Both steels have carbon contents similar to AISI 1020 steel (UNS
(10200}, which may be more familiar to some readers. The Cr~Mo alloy steel is included
because of its better oxidation resistance at elevated temperatures. Depending on details of
the repository design and layout, oxidation resistance may be a more important issue for
some waste package repository configurations

Copper-bearing materials, specifically Alloy 400 (Monel 400) and CDA 70/30 copper-
nickel, have been retained in the testing activities as possible outer barrier materials They are
intexmediate in corrosion performance between CAMs like carbon steel and CRMs like the
Ni-base and Ti-base alloys

The chemical compositions for all of these materials are those from the American Society
for Testing and Materials (ASTM) product specifications for plate material If another product
form is used, some of the compositions may vary slightly from those given here For the
carbon-steel materials, the compositions are those for 4-inch-thick (10-cm-thick) plate because
the permitted compositions can vary somewhat according to size

The mechanical properties for many of these candidate materials have been compiled in
EMCR Volume 2 (Van Konynenburg et al , 1995)

In some cases during the experimental discussion that follows, other materials (usually
Ni-Cr-Mo alloys) have been tested, generally for purposes of comparison
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Table 2-1. Candidate materials for multi-barrier containers.
UNS number Common or ASTM Nominal composition
commercial name designation

Corrosion resistant materials (CRMs}

Nickel-rich staintess alloys (Ni-Cr-Fe-Mo ailoys)

N08825 Alloy 825 B 424 (plate) Ni 38 0—46 0, Cr 19 5-23 5, Mo 2 5-3 5, Fe balance,
incoloy 825 Cu15-30,Ti0o6-12 Mn10max, C005max, Si
0 5 max, S 003 max, Al 0 2 max
N06030 Alloy G-30, B 582 (plate) Ni balance, Cr 28 0315, Mo 4060, Fe 13 0-17 Q,
Hastelloy G-30 W15-40,Cob0max,Cul10-24,Nb+Ta03-15,
Mn 1 5 max, C 0 03 max, Si 0 8 max, S 0 02 max,
P 0 04 max
Nickel-base alloys (Ni-Cr-Mo alloys)
N0BB25 Alloy 625 B 443 (plate) Ni balance, Cr 20 0-23 0, Mo 8 0—10 0, Fe 5 0 max,
inconel 625 iNb 3 15—4 15, Mn 0 5 max, Al 0 40 max, Ti 0 40 max,
C 010 max, Si 0 50 max, P Q015 max, P 0 015 max
NO6022 Alloy C-22, B 575 (plate} Ni balance, Cr 20 022 0, Mo 12 514 5, Fe 2 (-6 0,
Hastelloy C-22, W 25-35, Co 25 max, Mn 0 5 max, C 0015 max, Si
Inconel 622, 0 08 max, V035 max, S0 02 max, P0 02 max
Alioy 22
NO6455 Alloy C-4 B 575 (plate) Ni balance, Cr 14 018 0, Mo 14 0—17 0, Fe 3 0 max,
Hastelloy C-4 Co 20 max, Mn 1 0 max, C 0 015 max, Si 0 08 max, Ti
0 7 max, S 003 max, P 0 04 max
Titanium
R53400 Ti-Grade 12 B 265 Grade 12 Ni0B6-09, Mo 0204, N0O3 max, C0 08 max, H
{plate) 0 015 max, Fe 0 3 max, O Q 25 max, Ti balance
R52402 Ti-Grade 16 B265 Grade 16 0 05 Pd, Ti balance
(plate)

Corrosion-allowance materials (CAMs)

Carbon and alloy steels

K01800 Carbon steel A 5186 C 022 max, Mn 0 6-1 20, P 0 035 max, S 0 04 max,
(Grade 55) Si 0 150 40, Fe remainder
J02501 Centrifugally cast A27 C 0 25 max, Mn 1 20 max, P 0 50 max, S 0 060 max,
steel (Grade 70-40}) Si 0 80 max, Fe remainder
K21590 2Cr—1 Mo A 387 C 0 15 max, Mn Q 3-0 6, P Q 035 max, S 0 035 max,
Alloy steel (Grade 22) Si 0 5 max, Cr 2 002 50, Mo 0 80—1 10, Fe remainder

Moderately corrasion resistant or “intermediate” materials
(performance between corrosion allowance and corrosion resistant)

Copper and nickel alloys

nickel, CDA 715

N04400 Alloy 400, Monel B 127 (plate) Ni 63 0 min, Cu280-340,Fe 25 max, Mn20 max, C
400 0 03 max, Si 0 5 max, Si0 5 max, S 0 024 max
C71500 70-30 copper B 171 (plate) Ni 29 033 0, Cu balance, Mn 1 0 max, Pb 0 02 max,

FeQ4-1Q,Zn05max,C00Q5max,PQ02max, S
0 02 max
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2.1

Water Films
by G.E. Gdowski

The water chemistry that develops on the surface of a waste package (WP) is important
because the corrosion or degradation processes of the WPs are strongly dependent on water
chemistry This section discusses aspects of the development of thin film aqueous solutions
on the surfaces of WPs Parameters considered include relative humidity (RH), temperature
(T), water composition, and gas phase composition

Water adsorption on metal surfaces can be enhanced by several factors, such as adsorbed
salts, corrosion products, gaseous contaminants, and crevices formed with the surfaces The
effects of these factors will be discussed in following sections

2.1.1 Drift Characteristics

2.1.1.1 Drifts before Emplacement

The potential repository at Yucca Mountain, Nevada (YM), is located in the unsaturated
zone, which is, by definition, located above the local water table The rock, however, has 10~
20% water by volume This water is primarily trapped in pores and microfractures
Unperturbed (that is, unventilated) ambient relative humidity within the Exploratory Studies
Facility (ESF) at the YM site is at least 98% At the elevation of the potential repository, the
ambient atmospheric pressure is nominally 0 091 MPa Due to the fractured nature of the
repository rock, it is expected that the gas pressure in the drifts after emplacement will
remain near this pressure, therefore, the repository is an open system with respect to gas
transport As a consequence of the potential repository’s elevation above sea level, the
unconstrained boiling point of pure water is about 97°C

2.1.1.2 Drifts after Emplacement

The heat generated by the radioactive decay of the nuclear waste will raise the
temperature of the rock surrounding the drifts. However, the temperature of the WP will still
be higher than that of the surrounding rock (Buscheck et al , 1997). The elevated temperatures
of the rock surrounding the drifts will liberate and mobilize the water contained in the pores
and microfractures As the rock temperature rises, the water-vapor pressure will also rise
Water is initially expected to be transported away from the hotter regions, decreasing the
water content of the rock surrounding the drifts and decreasing the RH at the waste package
for Ts above approximately 100°C. After the thermal pulse, the temperature of the rock
around the emplacement drifts will decrease, the water content of the rock surrounding the
drifts will rise, and the RH at the WP will increase

Episodic water contact with the WPs is considered possible This contact could take the
form of water dripping or of large volumes of water flowing down fractures Either case
would result in aqueous salt solutions contacting the WP. I assum that the liquid water
contacting the WPs will contain salts typical of the YM site , the term “salts” refers to those
chemical compounds that have a measurable solubility in water.

To define typical YM salts, the compositions of YM waters are listed in Table 2.1-1. Well
J-13 water is considered to be a representative water (Harrar et al., 1990); it is ground water

from the same rock horizon as the potential repository. The major cations are Na*, Ca™, K7,
and Mg’*, and the major anions are HCOy’, SOF, CI', NO,", and F". The bicarbonate
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concentration is determined from total inorganic carbon Silicon is present in solution as
silicic ions

Table 2.1-1  Composition of well J-13 water,

Constituent Well J-13 (mgi)

| Na_ 45.8

Si 285

Ca 13.0

K 504

Mi 2.0 |

F 2.18

Cl 7.14

NG, 8.78

80, 18.4

HCO, 1289

pH 7.41

21.2 Relative Humidity Considerations

Relative humidity is the ratio of actual water-vapor pressure to the equilibrium water-
vapor pressure at a given T. Figure 2 1-1 is a plot of equilibrium water-vapor pressure as a
function of T (Weast and Astle, 1981) Figure 2 1-2 is a plot of the maximum RH obtainable
versus T assuming a total gas pressure of 0 101 MPa, the mean sea-level atmospheric
pressure (Because the expected maximum pressure in the emplacement drifts is 0 091 MPa,
the maximum RH obtainable would decrease at Ts greater than 97°C, a curve for this case is
also plotted in Figure 2 1-2)

Figure 2.1-1. Equilibrium water vapor pressure versus temperature.

Figure 2.1-2. Maximum relative humidity versus temperature.

Pure water condensation—that is, bulk liquid water formation—occurs at 100% RH
However, Section 3 presents studies that have demonstrated the formation of very thin water
films (<10 g/cm? on clean metal and oxide surfaces at RH < 100%

2.1.2.1 Relative Humidity at a Waste-Package Surface

Because of the radioactive decay heat, the temperature of a WP will be higher than the
temperature of the surrounding local drift walls. Further, the local water-vapor pressure ina
drift is determined by the coldest local surface that is in contact with the air. The consequence
is that the RH at the WP will always be less than that at the surrounding drift wall and will
always be less than 100%.

With episodic water infiltration that contacts a WP, there will be a net evaporation of
water from the WP until the thermodynarmic state of the water is in equilibrium with the
vapor-phase water (Van Konynenburg et al (1993) and Buscheck et al (1996) have
previously made similar arguments.) This argument depends on the amount of the episodic
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water being small If large quantities of water contact the WP, then nonequilibrium
conditions could result

21.3 Water-Film or Liquid-Water Formation on Metal or Oxide Surfaces

This section discusses the formation of aqueous films on clean metal or oxide surfaces,
including a discussion of water condensation in pores or crevices. The effect of hygroscopic
salts on water adsorption is discussed in Section 4

By definition, when RH is greater than 100%, the air is super-saturated with water Water
condensation will occur on any accessible surface, assuming all surfaces are at a constant
temperature.

2.1.3.1 Clean Surfaces when RH < 100%

Several studies have investigated the adsorption of water on metal surfaces for a range of
RHs and Ts For a completely inert surface there would be no adsorbed water, however, for
real surfaces water molecules can be chemiscrbed and physisorbed (Thiel, 1987)
Chemisorbed water is limited to those water molecules that strongly interact with the surface
and therefore form some type of chemical bond with the surface Additional water
multilayers are physisorbed The physical forces that hold the molecules are a combination of
van der Waals force and hydrogen bonding between water molecules These forces are much
weaker than the chemisorption forces

The van der Waals force decreases rapidly with distance from the metal or oxide surface,
the relation is the inverse square of the distance

In a recent study, Lee and Staehle (1997) determined the amount of water adsorbed on
clean nickel, copper, and iron as a function of T and RH using a quartz-crystal microbalance
(QCM) The effect of air or nitrogen as the carrier gas was investigated, and the maximum T
investigated was 85°C Figure 2 1-3 shows their data for iron As a matter of interest, the
amount of water adsorbed is not a strong function of T over the range of conditions
investigated

Figure 2.1-3. Amount of water adsorbed on iron as a function of relative humidity and
temperature. (a) under humidified nitrogen. (b} under humidified air.

On iron, the maximum amount of adsorbed water was less than 5 x 107 g/cm’ (calculated
film thickness less than 0 002 pm) in nitrogen, maximum adsorbed water was less than
3.7 x 107 g/cm? (thickness < 0 0015 pm) in air On copper, the maximum amount of adsorbed
water was less than 6 x 107 g/cm’ (thickness < 00025 pm) in nitrogen and about
6 x 107 g/cm’ (thickness about 0.0025 um} in air (RHs investigated for both metals ranged up
to about 93% ) The calculated film thickness (present author’s calculation) assumes a
uniformly flat surface; however, Lee and Staehle showed that their surfaces contained pores
and cracks The calculated film thicknesses therefore overestimate the actual film thicknesses

Lee and Staehle suggested that the reduced water adsorption in air was due to formation
of an oxide layer, which is less able to polarize the adsorbed water than an unoxidized
surface Hence there is a decrease in the physisorption force between the adsorbed water and
the surface (Suhrmann, 1968)

Eichhorn and Forker (1988) also determined that between 90 and 95% RH and at 25°C, the
thickness of the adsorbed water layer on iron is between 0.002 and 0 003 um
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Sharma (1979), using the QCM technique, studied water adsorption of copper and copper
oxide in the temperature range 18 to 45°C. The maximum amount of water adsorption was
less than 10 monolayers at about 90% RH, these results did not vary significantly as a
function of T. About 50% more water was adsorbed on the copper oxide than on the copper
metal This contrasts with the results of Lee and Staehle

Dante and Kelly (1993) investigated the adsorption of water on copper using a QCM In
clean air at 90% RH and 30°C, an average filin thickness of about 18 monolayers of water was
adsorbed on copper About 30 minutes was required to reach steady state

On polished iron, Tomashov (1966) reported water film thicknesses of 15 monoclayers
(0 004 um, estimated) at 55% RH and 50 monolayers (0 028 um, estimated) at just below
100% RH
2.1.3.2 Effect of Crevices and Pores on Water Condensation at RH < 100%

Water condensation will also occur in crevices and microfractures at RHs less than 100%
The extent of this water condensation can be estimated by calculating the radii of pores in
which water will condense as a function of RHand T This relation is expressed by the
Thompson or Kelvin equation P = P, 2yM/rpRT, where

Pis vapor pressure,

P,is equilibrium vapor pressure,
v is surface tension,
ris pore radius,
ris density, and

Ris the gas constant
Note that P/P_ is the relative humidity

Table 2 1-2 lists the calculated radius for various values of Tand RH (Values for the
surface tension of water/air and water density were taken from Weast and Astle, 1981 ) Fyfe
(1994} has also performed this calculation, but, unfortunately, the temperature was not given
In general, however, there is good agreement between the present results and his results,
which are also given in Table 2 1-2 for comparison
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Table 2.1-2  Calculated pore radius in which water will condense as a function of T and RH.

2.1.4

RH (%) Pore radius (um) Capitlary radius
(from Fyfe)
100°C 90°C 80°C 70°C 60°C A pm
99 ¢ 071 0075 0079 0083 0087
98 0035 0 037 0039 004 0 043 360 0036
95 0014 0015 0015 0016 0017
90 0007 0 007 0008 0008 0 008 g4 0009
85 0004 0 005 0 005 0 005 0 005
80 0003 0003 0004 0 004 0 004 47 0 005
s 0003 | 0003 0003 0003 0003
70 0 002 0002 0002 0002 0 003 30 0003
60 21 0002
50 15 0 001

For RH < 90%, the characteristic dimension of the adsorbed water is of the same order of
magnitude as for water adsorption at very high RHs At 98% RH, the characteristic thickness
is 10 to 30 times larger

Hygroscopic Salts and the Equilibrium RH of Aqueous Salt Solutions

The equilibrium RHs versus T of several saturated salt solutions (Greenspan, 1977) and
the boiling points of several saturated salt solutions (Washburn, 1928) are plotted in Figure
2 1-3. The solid line is the maximum RH that is obtainable with the total pressure limited to
0.101 MPa, that is, the mean sea-level atmospheric pressure

Figure 2.1-3. Equilibrium relative humidities versus temperature, and boiling points, for

various aqueous salt solutions.

There are some general trends in how effective certain ions are at lowering the water-
vapor pressure Among anions, sulfates (SO,) have higher equilibrium RHs (are less
hygroscopic) than chlorides (Cl) and nitrates (NO;) have

For some salts, such as sodium chloride (NaCl), there is little change in the equilibrium
RH as a function of T. This is probably because the solubility of NaCl does not change much
with temperature. For other salts, such as magnesium nitrate [Mg(NO,),], there is almost a
20% change in the equilibrium RH as a function of T greater than 50°C This is probably
because the solubility of Mg(NO,), doubles between 25 and 100°C

The lower water-vapor pressure of an aqueous salt solution results in the elevation of the
boiling point of the solution. (The boiling point of water is the temperature at which the
water-vapor pressure of the solution equals atmospheric pressure at mean sea level ) The
boiling points of several saturated salt solutions at 0.101 MPa pressure (normal atmospheric
pressure) are also shown in Figure 2 1-3. Extension of the equilibrium RH versus T curves
should intersect the maximum RH curve at the boiling points of the corresponding saturated
solutions

The implication of the elevated boiling points is that aqueous solutions of saturated salts
such as CaCl, can exist at Ts as high as 166°C. In terms of metallic corrosion, such salts permit
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aqueous electrochemical corrosion processes at these Ts = 100°C for susceptible materials,

provided that there is an oxidant available

At RH values less than the equilibrium value for saturated salt solutions, bulk aqueous
salt solutions will not form from the dry salt. At RH values greater than the equilibrium value
for saturated salt solutions, more dilute aqueous solutions will form. The amount of water
that is taken up by hygroscopic salts, such as NaCl, has been determined previously as a
function of RH (Washburn, 1928). Table 2 1-3 lists the equilibrium RH as a function of sait
contcentration for various salts As can be seen, as the RH increases, the salt concentration
decreases For the salts listed, very concentrated solutions (> 1M) exist at RHs less than 95%

Corrosion of susceptible metal alloys has been noted at RH values less than the

equilibrium RH for saturated salt solutions (Duly, 1950)

Table2.1-3  Aqueous solution concentrations for some salts in various environments.
NaCl NaCi NaCl Na,S0, Na,CO,
20-25°C 80°C 100°C 100°C 100°C
ppm M RH ppm M RH ppm M RH ppm M AH ppm M RH
5844 5 011 09871 233771 ) 40] 0854 1456107 25| 0913 | 142041 10 0983 74192 ; Q7 { 0873
L—’ 1689 | 02| 09393 ] 292214 | 50 0811 | 204550 | 35| 0875 ( 639185 45| 0967 | 105379 | 10| 0954
23377 ) 04 | 0937 | 350657 | 60| 0765 233771 | 40| 0855 | 781227 | 55 0951 ) 201379 19 ) 0910
f 350864 06 ) 0980 2922141 50| 0812 | 923268 ; 65| 0935 | 233476 | 22| 0896
468754 | 08 0974 368190 ( 631 Q754 | 994288 | 70! 0919 | 317967 | 30| 0859
58443 | 10| 0967 391567 ) 67 [ 0739 ) 16x10°| 115 0902 | 413357 | 39| 0839
116886 | 20| 0932
| 163640 | 28 | 0901
292214 1 50 | 0807 |
350857 | B0 | 0761

ppm = parts per million; M = molarity; RH = relative humnidity

21.5 Gaseous Components and Relative Humidity

Nitric and sulfuric acids form aqueous solutions with equilibrium RHs less than the
saturation value However, a partial pressure of these gases is required to maintain these
solutions Table 2 1-4 lists the RHs and gaseous partial pressures as a function of T for a

20 wt% HNO; (nitric acid) aqueous solution (Perry and Chilton, 1973)
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Table 2.1-4  RH, water partial pressure, and nitric acid partial pressure for 20 wt% HNO,

216

aqueous solution.

T(°C) Pure H,0 partial 20 wi% NHO,
pressure (mm Hg) H,0O partial RH (%) HNO, partial
pressure (mm Hg) pressure {mm Hg)
55 1180 100 85 009
60 149 4 128 86 013
65 187 5 162 86 019
70 2337 200 86 027
75 2891 250 86 038
80 3551 307 86 053
85 4336 378 87 074
80 5258 458 87 101
95 6339 555 88 137
100 7600 675 8% 187
105 9061 800 88 250

No data were found for dilute solutions It would be interesting to know what partial
pressures of nitric and sulfuric acids and RHs are necessary to maintain solutions of pH 4
(0 49 and 0 63 wt% of sulfuric and nitric acid, respectively), and pH 5 (0 05 and 0 06 wt% of
sulfuric and nitric acid, respectively)

Gaseous sulfur dioxide, SO,, is known to cause enhanced corrosion of carbon steel at RHs
greater than 60% at ambient temperatures and SO, concentration on the order of 1 ppm One
of the steps in the corrosion process is the oxidation of the sulfur dioxide to form sulfuric
acid, H,50O, Sulfuric acid is hygroscopic and will readily form aqueous solutions, which
facilitate the electrochemical corrosion of the carbon steel.

Although S0, is important in atmospheric corrosion because it is present in urban
atmospheres as an industrial pollutant, it may not be present in significant concentration in
the drifts of the potential YM repository There are, however, naturally occurring gaseous
sulfur species (H,S and COS) that will corrode iron (Graedel and McGill, 1986)

Nitric acid and ammonia have been shown to form in air containing water vapor under
gamma irradiation, and the quantities formed are dose dependent (Reed, 1991, p 58) The
effect these would have on the degradation of the WPs would depend on the amounts that
form and their residence time on a WP surface Gaseous nitric acid could be neutralized by
the near-neutral—-to-alkaline water characteristic of YM waters, the water at the YM site is
strongly influenced by the calcite mineral deposits throughout the mountain

CO, and Cement-Modified Water

Water that has been in contact with cement may attain pH 12.4 This is the result of the
reaction of CaO with water to produce Ca(OH),, and the dissolution of Ca(OH), A saturated
solution of Ca(OH), has pH 12 4 in the absence of gaseous CO, (20°C} (Drever, 1982).
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CaO + H,0 — Ca(OH), (21-1)

The carbonation of cement is the result of the reaction of gaseous CO, with the aqueous
calcium hydroxide solutions, thus

CO, + HyO > H,CO4 — H* + HCO3 212

Ca(OH), -» Caj + ,0H™ , (21-3)

H* +OH™ > H,0 , (2 1-4)
and

Ca%+,HCOj3 -» CaCO3 + CO, + H,0 2 1-5)

A CaCO, solution has pH 8 2 when in contact with normal atmospheric CQO, content air
(Drever, 1982) Mean carbon dioxide partial pressure of air is 0 00033 atm

This same reaction would occur in aqueous calcium hydroxide solutions on the surface of
a metal in contact with air containing CO, The amount of gaseous CO, obviously is a
contributing factor to the pH of the aqueous solutions

Oxygen Solubility in Aqueous Solutions

In atmnospheric corrosion of metals, the reduction of oxygen is an important step in the
electrochemical corrosion process The availability of oxygen can therefore influence on the
rate of corrosion of a metal Oxygen solubility in water and in numerous aqueous salt
solutions, in contact with water-vapor-saturated air, has been determined by Cramer (1974)
Those solubilities are reproduced in Figure 2 1-4

Figure 2.1-4. Solubility of oxygen in water and in brines, from air saturated with water vapor at

a total pressure of 1 atm (101.3 kPa).

With increasing salt concentrations, the solubility of oxygen at a given temperature
decreases, this process is called the salting-out effect With increasing temperature, the
solubility of oxygen in a given aqueous solution decreases This is in part because of the
decreasing oxygen content of vapor in contact with the solution For example, for water-
vapor-saturated air at 25°C, the partial pressure of oxygen is 0 020 MPa, while at 95 and
100°C it is 0.003 and 0 000 MPa, respectively. At 100°C, the vapor is 100% water

Cramer has also determined the change in oxygen solubility with changes in T {in a brine
solution exposed to a constant partial pressure of oxygen). about a 20~30% decrease in
oxygen solubility with a temperature change from 25 to 100°C for oxygen partial pressure of
both 0 07 and 0 20 atm (0 0071 and 0 021 MPa) It is important to note that oxygen content in
water, even at 100°C, can be substantial, depending on the oxygen content of the gas in
contact with the water

Oxygen diffusion in water will also influence the rate of the electrochemical reactions, if
the oxygen diffusion limits the reaction rates Fick'’s first law describes the flux | of a solute in
a solvent in terms of the solute’s concentration gradient, dC/dx, and diffusion coefficient, D,



2.1 Water Films

2.1.8

thus J = -D(dC/dx). The diffusion coefficient for oxygen in water is 2 2 x 10™ ¢m’/sec at room
femperature

It is illustrative to make the following simplifying assumption to Fick’s first law:
dC/dx = AC/Ax, where AC is the difference between the oxygen concentration at the air-film
interface and the film-metal interface, and Ax is equal to the film thickness This equation
implies that for every order of magnitude decrease in the film thickness, there is consequent
order of magnitude increase in the oxygen flux

Summary

Appreciable water adsorption will occur on a surface if any of the following conditions
are met'

» The relative humidity at the surface is 2 100%

* Hygroscopic salts are deposited on the surface and the local RH is equal to or greater
than the equilibrium RH for the saturated salt solution

» Certain hygroscopic gases, such as sulfur dioxide, are present, and the RH exceeds a
certain value

Thin water films are adsorbed on clean metal or oxide surfaces when the RH < 100%
These films have thicknesses of less than 0 1 um {and probably less than 0 01 pm) Oxygen
flux through films of such thicknesses is relatively fast

Crevices and micropores can hold somewhat more water than free surfaces However,
RH > 90% is required before crevices or micropores of large diameter will hold water
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Long-Term Corrosion Studies
by John C. Estill, Francis Wang, Steven Gordon, Kenneth King, and Larry Logoteta

Facility

A corrosion test facility has been constructed and operational for nearly two years The
facility was constructed to house large vessels that contain several thousand test specimens,
which are being studied to determine the corrosion properties of candidate materials for
construction of containers to be used for long-term storage of high-level radioactive waste at
Yucca Mountain, Nevada The Long-Term Corrosion Test Facility (LTCTF) currently has
24 vessels on line containing various chemical solutions, specimen configurations, and alloys,
encompassing a range of possible environments and design considerations for a multibarrier
containment package The test program described herein is being conducted according to the
requirements set forth in Metallic Barriers Scientific Investigation Plan Activity E-20-50,
revision 4 (Gdowski, 1998)

The test vessel construction was described in a previous Engineered Materials
Characterization Report (EMCR) McCright, 1997, vol 3) Each vessel contains a thermocouple
in the vapor and aqueous phase, and the temperature is logged for the test duration A level-
sensor package is installed in each vessel so that the water level remains constant, drawing on
a reservoir of deionized water as needed A condenser is placed on the top of the vessel to
minimize water loss The vessel also contains a mixer motor attached to the top of vessel with
a Teflon-coated stainless-steel shaft to provide mild agitation of the water Approximately
60% of the vessel is filled with the test solution so that a rack has specimens exposed in the
aqueous phase, in the vapor phase, and at the water line

Each vessel contains spacing for up to six specimen racks Sufficient numbers of replicate
specimens are placed in each vessel, and we plan to remove specimen sets at fixed intervals
An examination and evaluation of a specimen set is planned after six months, one year, two
years, four years, and five years Many of the vessels have a full compliment of specimens to
accomplish the planned interval evaluation, whereas other vessels only have one or two racks
of specimens for removal at a selected interval Budgetary considerations did not make it
possible to completely fill all vessels with a full compliment of specimens As the budget
allows, more specimen racks will be added to those vessels with available space The facility
plan view drawing is presented in Figure 2 2-1, and Table 2 2 -1 lists the contents of each
vessel as well as the start date and removal date for each specimen rack.

Figure 2.2-1. Plan of ICF B-435, Room 1020.
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Table 2.2-1. Test facility schedule.

Materials |—Sample Hack Start Remove
Vessel 9: 60°C SCW galvanic corrosion 9-1 04-10-98 10-10-98
9-2 NA NA
g-3 NA NA
T 4 O NA NA
9-5 09-25-97 09-25-02
9-6 NA NA
Vessel 10 90°C SCW galvanic corrosion 10-1 04-10-98 10-10-98
10-2 NA NA
10-3 NA NA
10-4 NA NA
10-5 09-25-97 09-25-02
10-6 NA NA
Vessel 11: 80°C SCW intermediate corrosion-resistant 11-1 03-19-98 09-19-98
11-2 03-20-98 03-20-98
11-3 03-22-98 03-22-00
11-4 03-23-98 03-23-01
11-5 09-25-97 08-25-02
11-6 NA NA
Vessel 12: 90°C SCW intermediate corrosion-resistant 12-1 03-27-98 09-27-98
12.2 03-27-98 03-27-99
12-3 03-26-98 02-26-00
i2-4 03-26-98 03-28-01
L 12-5 08-26-97 09-25-02
12-6 NA NA
Vessel 13 60°C SDW intermediate corrosion-resistant 13-1 03-31-88 08-31-98
13-2 03-31-98 03-31-99
13-3 03-31-98 03-31-00
13-4 03-30-98 03-30-01
13-5 09-24-97 09-24-02
13-6 NA NA
Vessel 14: 90°C SDW intermediate corrosion-resistant 14-1 04-02-98 10-02-98
14-2 04-02-98 04-02-99
14-3 04-02-98 04-02-00
14-4 04-02-98 04-02-01
14-5 09-24-97 09-24-02
14-8 NA NA
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Vessel 17: 80°C SDW galvanic corrosion 17-1 04-08-98 10-08-98
17-2 NA NA
17-3 NA NA
17-4 NA NA
17-5 09-15-97 09-15-02
17-6 NA NA
Vessel 18- 90°C SAW intermediate corrosion-resistant 18-1 12-09-96 06-09-97
18-2 12-09-96 12-09-97
18-3 12-09-96 12-08-98
18-4 12-08-96 12-08-99
18-5 12-09-96 12-09-01
18-6 NA NA
Vessel 19 60°C SAW intermediate corrosion-resistant 19-1 11-26-96 05-26-97
19-2 11-26-96 11-26-97
19-3 11-26-96 11-26-28
19-4 11-26-96 11-26-99
19-5 11-26-96 11-26-01
19-6 NA, NA
Vessel 20" 90°C SCW corrosion-allowance 20-1 11-15-96 05-15-97
20-2 11-15-96 11-15-97
20-3 11-15-98 11-15-97
20-4 11-15-96 11-15-99
20-5 11-15-96 11-15-01
20-6 NA NA
Vessei 21i: 60°C SCW corrosion-aliowance - 24-1 10-28-986 04-28-97
21-2 10-28-96 10-28-97
21-3 10-28-96 10-28-98
21-4 10-28-96 10-28-99
21-5 10-28-96 10-28-01
21-6 NA NA
Vessel 22: 90°C SDW corrosion-allowance 22-1 10-10-96 04-10-97
22-2 10-10-96 10-10-97
22-3 10-10-96 19-19-98
22-4 10-10-96 10-10-99
22-5 10-10-96 10-10-01
22-8 NA NA
Vessel 23: 60°C SDW corrosion-allowance 231 09-24-96 03-24-97
23-2 09-24-96 09-24-97
23-3 09-24-96 09-24-98
23-4 09-24-96 09-24-01
23-5 09-24-96 09-24-01
23-6 NA NA
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Vessel 24: 90°C SDW galvanic corrosion 24-1 04-09-98 10-09-98
24-2 NA NA
24-3 NA NA
24-4 NA NA
24-5 08-18-97 08-18-02
24-6 NA NA
Vessel 25: 80°C SAW corrosion-resistant 25-1 02-06-97 08-06-97
25-2 02-08-97 02-06-98
25.3 02-06-97 02-06-99
25-4 02-06-97 02-06-02
255 02-06-97 02-08-02
25.8 NA NA
Vessel 26: 90°C SAW corrosion-resistant 26-1 02-21-97 08-21-97
268-2 02-21-97 02-21-98
263 02-21-97 02-21.99 |
26-4 02-21-97 062-21-00
26-5 02-21-97 02-21-02
26-6 NA NA
Vessel 27: 60°C SCW corrosion-resistant 271 03-10-97 09-10-97
27-2 03-10-97 03-10-98
27-3 03-10-87 03-10-99
27-4 03-10-97 03-10-00 )
27-5 03-10-97 03-10-02
27-8 NA NA
Vessel 28 90°C SCW corrosion-resistant 28-1 04-10-97 | 10-10-97 -
28-2 04-10-97 04-10-98
22-3 04-10-97 04-10-99
28-4 04-10-97 04-10-00
28-5 04-10-97 04-10-02
28-6 NA NA
Vessel 29: 60°C SDW corrosion-resistant 29-1 04-14-97 10-14-97
29-2 04-14-97 04-14-98
29-3 04-14-97 04-14-98
29-4 04-14-97 04-14-00
29-5 04-14-97 04-14-02
29-6 NA NA
Vessel 30: 90°C SDW comrosion-resistaniyWestinghouss 30-1 06-05-97 12-05-97
30-2 06-05-97 06-05-98 |
30-3 06-05-97 06-05-99
30-4 06-05-97 06-05-00
30-5 04-17-97 04-17-02
30-6 10-24-97 10-24-98
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Vessel 31. 60°C SCMW galvanic corrasion 31-1 04-07-98 10-07-98
31-2 NA NA
31-3 NA MNA
31-4 NA NA
31-5 09-17-97 09-17-02
31-6 NA NA
Vessel 32: 90°C SCMW galvanic corrosion 32-1 04-17-98 10-07-98
32-2 NA NA
32-3 NA NA
32-4 NA NA
32-5 09-17-97 08-17-02
32-8 NA NA
Vessel 33: 60°C SCMW corrosion-allowance 33-1 03-10-98 09-10-98
33-2 03-08-98 03-08-95
33-3 03-01-98 03-01-00
33-4 02-27-98 02-27-01
33-5 09-22-97 09-22-02
33-6 NA NA
Vessel 34 90°C SCMW corrosion-allowance 34-1 03-15-98 08-15-98
34-2 03-15-98 03-15-39
34-3 03-13-98 03-13-00
34-4 03-13-98 03-13-01
34-5 09-22-97 (9-22-02
34-6 NA NA

2.2.2 Materials

An earlier EMCR discussed in detail the materials being tested (McCright, 1997),
however, two additional alloys have since been added to the test matrix

The first of these alloys is Inconel 625 (UNS N06625, with nominal composition 20 0-23 0
Cr, 5 0 max. Fe, 8.0-10 0 Mo, 3 154 14 Cb + Ta, 0 10 max C, 0.50 max Mn, 0.50 max Si, 0 015
max P, 0.015 max S, 040 max Al, 040 max. Ti, 10 max Co, 58 0 min Ni) Weight-loss,

e M
crevice, U-bend, and galvanic specimens were fabricated from this alloy

The second material added to the alloy matrix was Inconel 686 (UNS N06686, with
nominal composition 19 0-23.0 Cr, 5 0 max Fe, 15 0-17 0 Mo, 0 01 max C, ¢ 75 max. Mn, 0.08
max 5i, 004 max P, 002 max S, 002-0 25 Ti, 3 04 4 W, remainder Ni). Only galvanic
bPELlIHEHS were fabricated from this auoy This auoy was added to the test matrix because in
the manufacturer’s testing of Inconel 686, increased resistance to FeCl,-induced corrosion was
realized FeClyis thought to be an aggressive species present during crevice corrosion of

stainless steels and is considered contributory to crevice corrosion
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223 Specimens

Three specimen types used for studying general corrosion (weight-loss specimen), crevice
corrosion {crevice-corrosion specimen), and stress-corrosion cracking (U-bend specimen)
have been discussed in a previous EMCR (McCright, 1997) These specimens are exposed in
the aqueous phase, in the vapor phase, and at the water line A typical rack loaded with these
specimen types is presented in Figure 2 2-2

Figure 2.2-2, Typical single metal specimen rack.

Galvanic corrosion testing has been underway for nearly six months and is expected to
provide a ranking of the galvanic corrosion resistance of alloys Hastelloy 22, Inconel 686,
Inconel 625, Incoloy 825, and titanium grade 12 coupled directly to alloys A516 and A387,
using weight-loss data for corrosion-rate calculations, and pitting analysis using optical
profiling Flat specimens are weighed and measured before and after testing to determine
corrosion rates, these specimens were 1 x2x0125in,2x2x0125in,0or 15x15x0125in
Both welded and unwelded specimens are tested from alloys Hastelloy C22, Inconel 686,
Inconel 625, and titanium grade 12 An optical profiler system is used to determine maximum
pit depth and other surface characteristics

In addition to providing a relative ranking of materials based on corrosion rates and
pitting data, galvanic corrosion testing may provide some clues to the presence or nature of
hydrogen charging effects, especially in titanium materials coupled to carbon and low-alioy
steels Post-test chemical analysis to determine hydrogen absorption will be conducted on
selected materials As in the single metal tests, test exposures are in the aqueous and vapor
phase as well as at the water line A typical specimen rack containing the galvanic specimens
is pictured in Figure 2 2-3

Figure 2.2-3. Typical galvanic metal specimen rack.

The galvanic specimen assembly is constructed of two different metal systems coupled to
provide intimate electrical contact between specimens and is designed to simulate the
interaction of bounding environments with the multibarrier conceptual design components
The galvanic assembly is actually a sandwich of materials consisting of a corrosion-resistant
material placed between two corrosion-allowance specimens Intimate contact between
specimens is mediated via multiple Belleville spring washers providing axial force at the
metal interfaces. The galvanic study also includes the effect of different surface-area ratios
with respect to the corrosion-resistant and corrosion-allowance materials. For the galvanic
study, two distinct specimen assemblies, type I and type II, will be studied, each representing
a galvanic-corrosion scenario

The type I galvanic specimen has a large anode-to-cathode ratio (20 1) and is
representative of a large area of corrosion-allowance material (anode) and small area of
corrosion-resistant material (cathode) exposed to the environment While the anode material
will corrode preferentially to the cathode material, the corrosion can be spread over a larger
area This particular scenario is possible if a breach of the outer container occurs, thus
exposing a small area of the underlying corrosion-resistant material. The type I test will
provide clues as to what degree the corrosion-allowance material offers protection to the
corrosion-resistant material should such a breach occur in the repository

The type II galvanic specimen has an anode-to-cathode ratio of 1 1. The type I specimen
is representative of equal areas of corrosion-allowance material (anode} and corrosion-
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resistant materials (cathode) exposed to the environment The reduced area of the anode,
compared to the type I specimen, is expected to have a focusing effect of the corrosion attack

on the smaller area, thus the extent of attack to the corrosion-allowance material is expected

1 he more ciihetantial than in the tvne T tacgt Fioure 2 2.4 shows both tvoe I and tvoe 11
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galvanic assemblies

Figure 2.2-4, Galvanic specimen assemblies.

2.2.4

The corrosion rates and pitting data generated from the galvanic study will be compared
to the data generated from the single-metal weight-loss and crevice-corrosion experiments

Test Environments

There are currently four test environments used for long-term corrosion studies The
solution makeup is governed by Technical Implementing Procedures (TIP) CM-06, CM-07,
CM-08, and CM-11 These are bounding environments thought to be plausible given the ionic
species present in well J-13 water and the possible interaction of water with the near-field
environment over extended periods An earlier EMCR discussed the environments described
in TIPs CM-06, CM-07, and CM-08 (McCright, 1997)

The environment described in TIP CM-11, “Formulation and Make-Up of Simulated
Cement Modified Water,” was calculated to simulate J-13 water coming into contact with
aged cement (Gdowski, 1997) Due to the extreme therma! loading of the repository during
the early part of the waste package storage life, water is not expected to move into the near
field for many years, thus, any cementitious contact with water will be with aged cement
Aged cement is cement that is expected to undergo some change in chemical composition
due to extended exposure to high temperature and CO, The makeup of this environment
was determined using the EQ3/6 software program

The test environments include four aqueous solutions that may simulate a range of
environments to which the container materials may be exposed The environments are briefly
described as follows

o TIP CM-06, Simulated Dilute Well (SDW) J-13 water at 10x concentration Well J-13
water is thought to be typical of the vadose water in the repository The slight
concentration is intended to represent the effects of water evaporation and boiling in
the repository environment, which concentrates the salts in the water

o TIP CM-07, Simulated Concentrated Well (SCW) J-13 water at 1000x. The extreme
concentration of water is intended to represent the long-term concentration effects
brought on by evaporation and boiling of water in the repository

s TIP CM-08, Simulated Acidified Well (SAW) ]J-13 water concentrated and acidified to
pH between 2.0 and 3.0 This environment is intended to simulate the effect of
possible microbial metabolic products, which tend to lower the pH of water. Water
pH was lowered using reagent-grade acids

s TIP CM-11, Simulated Cement-Modified Water (SCMW). This environment is
intended to simulate the effect of water contact with aged cementitious materials that
may be used in the repository construction,

Table 2 2-2 through Table 2 2-5 describe the actual solution chemistry results for each
vessel as well as the target values pursuant to the applicable TIP.
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Table 2.2-2  Simulated Dilute Well Water (SDW).
60°C 90°C

Target |Vessel|Vessel|Vessel |Vessel| Target | Vessel| Vessel] Vessel| Vessel

values 13 17 23 29 values 14 22 24 30
vspd Q2397 | 912/97 | 9/20/98 | I/21/97 9/23/97 | 10/3/96 | 916/97 | 3/21/97
iasd 9/24/97 | 9/15/97 | 9/24/96 | 4/15/97 9/24/97 | 10/28/96| 1117/97| 418/97
Na* 409 434 421 483 440 409 437 456 380 430
Si 27 25 25 28 20 49 36 21 15 | 21
Ca” 05 24 12 21 T 3 05 10 2 04 06
K ] 34 34 33 36 36 34 34 38 42 36
Mg’ 1 22 32 20 13 1 13 02 03 Q7
FI- 14 14 13 14 25 14 14 15 35 25
cr 87 €8 48 71 67 67 75 74 78 68
NQy 64 61 63 62 78 64 62 64 55 78
80, 167 175 173 167 166 167 B 170 175 154 172
HCO, 947 864 788 849 763 947 798 701 513 671
pH aquilibrium 85 B84 86 90 lequilibrium 8 eh_e g 98 93
vspd = vessel solution preparation date, jasd = ion analysis sample date
Table 2.2-3  Simulated Concentrated Well Water (SCW).

60°C 90°C

Target |Vessel | Vessel | Vessel | Vessel [ Target | Vessel| Vessel| Vessel| Vessel

vaiues 9 11 21 27 values 10 12 20 28
vepd 9/24/97 | 9/24/97 | 10/23/96| 3/7/97 9/24/97 | 9/23/97 | 11/13/98] 3/11/97
iasd 9/25/97 | 9/25/97 1 10/28/96 3/10/97 9/26/97 | 9r25/97 | 11115/96] 4/11/97
Na* 40,900 36,500 |37,000 /28,500 38,000 | 40,900 | 38,100 | 42,500 | 45,000 | 45,000
Si* 27 47 44 10 52 49 48 52 57 55
Ca* <1 28 8 4 06 <1 24 138 4 2
K 3400 |3480 |3,500 |2,70¢ | 3,600 3.400 3,500( 3,580 460010 3,700
Mg* <1 7 1 89 01 <1 4 48 nd 03
Fr 1,400 | 1,240 | 1,340 84 {2520 1,400 1,270 1,580 | 1,390 2,510
cr 6,700 |6,820 | 7,300 | 6,570 | 6,790 6,700 7,190 | 7,200 | 7,720 | 6,960
NO, 6,400 | 6,180 | 6,490 | 6,570 |8,080 6,400 6,600 | 6,440 | 7,380 | 7,870
50, 16,700 112,600 |12,800 {12,500 |13,700 | 16,700 | 13,100 | 13,000 | 3,300 | 14,600
HCO, 70,000 21,762 |75,564 |36,448 (61,228 | 70,000 |76,831 21,827 | 37,759 | 57,569
pH squilibrium 83 83 B4 B 5 jequilibrium B5 89 89 97
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Table 2.2-4  Simulated Acidified Well Water (SAW).
60°C 80°C

Target | Vessel | Vessel, Target | Vesse!| Vessel

values 19 25 values 18 26
vspd 11/26/96( 2/5/97 12/9/36 | 2/20/97
iasd 11/27/96| 2/6/97 | 12110/98| 2/21/97
Na* 40,900 43,000 (43,000 | 40,900 43,000 | 42,000
St 27 32 27 49 54 44
Ca’ <1 80 55 <1 59 55
K 3,400 4,300 §3,700 3,400 4,300 | 3,500
Mg* <1 53 52 <1 54 51
FI- 1,400 <10 <10 | 1,400 <10 <10
cr 6,700 25,000 |27,500 | 6,700 26,300 | 26,900
NO,” 6,400 22,900 |24,300 | 6,400 22,500 | 24,000
S0, 16,700 39,800 |42,400 | 16,700 41,100 | 41,000
HCO, - — - - - -
pH 28 27 27 28 27 27

Table 2.2-5 Simulated Cement-Modified Water (SCMW)
60°C 90°C

Target | Vessel| Vessel| Target | Vessel Vessel

values K} 33 values 32 34
vspd 9/15/97 | 9/18/97 9/15/97 | 9/18/97
iasd 9/17/97 | 9/22/97 9/18/97 | 9/22/97
Na® 110 13 i2 140 17 16
Si* 128 5 5 227 9 85
Ca" 4528 | 478 473 19756 | 214 210
K* 869 95 o 308 339 331
R}{& N 36 4 4 03 <0 1 04
FI- 13 <0t <03 13 <03 <03
Cr 41 11 <05 43 <05{ =05
NO, 49 10 <09 52 <09] <09
S0, 1,201 6 (1,220 |1,110 B647 845 824
HCO, 90 10 15 64 10 15
pH 765 767 753 775 784 7860

In addition to the chemical environument, there are some important considerations with
regard to dissolved oxygen and carbon dioxide (produced from the decomposition of HCO;),
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both of which may play a large part in the corrosion process in both the aqueous and vapor
phase

The concentration of dissolved oxygen in test solutions may be a factor for aqueous-phase
corrosion The oxygen coricentrations are 7 ¢ ppm in SDW and 52 ppm in SCW at 24°C
Cramer (1974) reported the solubility of oxygen, as a function of temperature, in distilled
water, NaCl solutions, and geothermal brines. Cramer shows that oxygen is less soluble in a
solution with higher dissolved salts at the same temperature, but the difference in oxygen
solubility among the solutions is smaller at higher temperature

Dissolved oxygen is an important factor in the long-term corrosion study When
dissolved oxygen is in limited supply, the oxygen-reduction reaction may be limiting the
overall corrosion process, stifling corrosion Thus, reduced levels of oxygen play an
important part in corrosion inhibition We think that the concentrated solutions of SAW and
SCW may be inhibiting in the aqueous phase due to the excessive levels of HCO,  or NO;™ or
other anions Due to budgetary and manpower constraints, dissolved oxygen measurements
were not obtained for the various test solutions at test start-up However, baseline data were
established from off-line experiments using a glass reactor that has all the features of the
large vessels in the LTCTF, e g, heater, stirrer, air inlet, and reflux-condenser One liter of
solution was used in each experiment Table 2 2-6 presents the baseline dissolved-oxygen
content representative of test solution content at start-up

Table 2.2-6 Dissolved-oxygen content.

Envirenment Distilled SDw SCw SAW SCMW
water
o on | oan |
Temperature (°C) 60| 90 | B8O ; 90 ) 60 | SO | 60 ) S0 ) 60 | S0
Dissolved oxygen (ppm) | 70 | 34 | 54 | 29 45 [ 08| 51 ] 25] 56 30

These preliminary data show that as the temperature of the test solufions increases, the
dissolved oxygen decreases In addition, as the dissolved salt content increases (in SCW and
SAW), the dissolved oxygen decreases Furthermore, we hypothesize that the elevated HCO,”
concentration present in SCW is probably decomposing to evolve CO,, which purges the
oxygen out of solution Thus, it would be expected that the aqueous-phase environment in
SCW is the least aggressive environment, based on the little oxygen (0.8 ppm) available to
take part in the oxygen reduction reaction

A monitoring apparatus was constructed to measure the dissolved oxygen from the test
vessels directly Solution is forced to flow through a condenser by a diaphragm pump As the
solution passes through the condenser, it is cooled to room temperature and then circulated
through a sensor channel. Dissolved oxygen, pH, and temperature are measured using
probes that are placed in the sensor channel The solution is then returned to the reactor or
vessel. The apparatus does not allow the solution to be exposed to air, and is used to measure
the dissolved oxygen of the test solutions in situ A laptop personal computer is used to
record the data.

Another important consideration for the long-term corrosion studies is the CO, content
present in the vapor phase above the test solutions, which comes from the decomposition of
the HCO;" ions present in the SCW and SDW environments We hypothesize that CO, is the
dominant reason for the high corrosion rates of carbon steels exposed in the vapor phase
above the SCW at both 60° and 90°C Off-line experiments, using the mini reactor system
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described previously, were conducted to measure the concentration of CO, above the SCW
and SDW solutions at 60° and 90°C A quadrupole gas analyzer (model 201), manufactured
by Hilden Analytical Ltd , was used to measure the partial pressure of CO, in room air and in
the atmosphere above the solution. The results are shown in Table 2 2-7 as the ratio of CO,
concentration above a solution versus the CO,in room air

Table 2.2-7  Ratio of CO, concentration.

225

SCW 90°C SCW 60°C SDW 90°C SDW 60°C

CO, above solution 70 3 17 11
CO, in air

These preliminary data show that the most aggressive environment in the vapor phase
should be the one above the SCW 90°C environment The elevated CO, levels in the vapor
phase can react with condensed water on the surface of specimens and lower the pH of the
condensate, thus accelerating corrosion of specimens in the vapor phase

Test Procedures

Weight-Loss Specimens Nominal 1- x 2- x 0 125-in specimens were cleaned in acetone,
weighed, and measured before testing The weighing of specimens was performed according
to the requirements of TIP CM-04 (Estill, 1996) The specimen length, width, and thickness
were measured for surface-area calculation according to the requirements of TIP CM-05
(Estill, 1996) After testing, the specimens were cleaned according to the specific chemical and
mechanical methods required in American Society for Testing and Materials (ASTM) G1-90
(ASTM, 1987) The methodology varies with each particular alloy system The samples were
then weighed after cleaning according to the requirements of TIP CM-04 The corrosion rates
were calculated from weight-loss data, surface area, time-in-test, and alloy density, in
accordance with the calculation requirements described in ASTM G1-90

Crevice-Corrosion Specimens Nominal 2- x 2- x 0 125-in specimens were cleaned in
acetone, weighed, and measured for surface area calculation before testing Weighing and
measuring of specimens were performed according to the requirements of TIP CM-04 and
TIP CM-05 The specimens were assembled with a 0 75-in Teflon washer forced against both
faces of specimen to provide a tight crevice between the Teflon and specimen using a ten-
high stack of Belleville washers. After testing, the specimens were cleaned according to the
requirements described in ASTM G1-90, they were then weighed according to the
requirements of TH’ CM-04. The corrosion rate was calculated from weight-loss data, surface
area, time-in-test, and alloy density, according to the calculation requirements described in
ASTM G1-90. An optical profile interferometer has been purchased for pitting evaluation of
test surfaces, especially the area bound by the Teflon washer

U-bend Specimens U-bend specimens were constructed according to the requirements of
ASTM G30 (ASTM, 1987), and were cleaned in acetone prior to mounting on the specimen
rack, After testing, the corrosion-resistant and intermediate-corrosion-resistant specimens
were cleaned in a mild detergent and rinsed in deionized water, followed by a rinse in
isopropyl alcohol The carbon, cast, and low alloy steel were bead-blasted for 20-30 seconds
to remove extensive corrosion product The samples were then examined under a low-power
light microscope (>50x) for evidence of cracking
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Galvanic Specimens Nominal 2- x 2- x 0 125-in, 1- x 2- x 0.125-in , and 1 5- x 1 5- x 0 123-in
specimens were cleaned in acetone, weighed, and measured before testing Weighing and
measuring were performed according to the requirements of TI? CM-04 and TIP CM-05 The
specimens were configured in two different assembly modes to provide the requisite surface-
area ratios being evaluated. They were assembled to create a tight interface between differing
materials using a ten-high stack of Belleville spring washers to provide axial force (see Figure
2 2-4) No samples have been removed from test yet, but the post-test cleaning and
examination methodology will follow in much the same manner as for the crevice specimens,
according to the requirements described in ASTM G1-90 and TIP CM-04 An optical profile
interferometer has been purchased for pitting evaluation of test surfaces, especially the area
at the interface of the differing alloy systems
Resuits

Weight-Loss and Crevice-Corrosion Specimens Corrosion rates have been caleulated for all
the specimens on the six-month and one-year racks from vessels 18-23, 25, and 26, and for all
the specimens on the six-month racks from vessels 27-30 Specimens from the one-year racks
from vessels 27, 28, and 29 have been removed from test and will be cleaned, weighed, and
examined in the near future Comprehensive listings of the corrosion rates of the weight-loss
and crevice-corrosion test specimens are provided in Supplement 1 and Supplement 2,
respectively

Summary test results presented in Table 2 2-8, Table 2 2-9, and Table 2 2-10 display the
average corrosion rate of the corrosion-resistant, corrosion-allowance, and copper-nickel
materials, respectively There was little or no notable difference in the corrosion resistance
between welded and unwelded specimens, nor between weight-loss and crevice specimens,
so the average corrosion rates presented in these tables are representative of the average
corrosion rates of the welded and unwelded weight-loss and crevice specimens

Table 2.2-8  Corrosion rate (um/yr) of corrosion-resistant materials.

Environment
Solution and Aqueous Vapor Water line
) Eatejal ~ temperature 6mo. | 1yr | 6mao 1yr | 6mao 1yr

Alloy 825 SAW, 80°C 058 113] 003 | O -0 03

Alloy G3 (1) 01 002 | 0 -0 02

Alloy C22 004 03] 006 ) 003; O

Aiioy C4 008 004, 006 Q02 003

Alloy 625 , —0 01 002 005 o001 | 004

Ti grade 12 448 0 797 1 002 153

Ti grade 16 205 | 00t 549 | -003 008




2.2 Long-Term Corrosion Studies

Alloy 825 SAW, 80°C 133 164 008 | O 005
Alloy G3 012 002 004 0 005
Alloy C22 002 0 006 | 0O 002
Alloy C4 013 005| 008 002 006
Alloy 625 001 | 004 003 | -0 003
Tigrade 12 396 | 022 778 | 006 279
Ti grade 16 23 018 443 | -004 | 278
Alloy 825 SDW, 60°C 006 006 0
Alloy G3 ) 008 006 002
Alloy C22 0 06 007 0]
Alloy C4 004 005 0
Alloy 625 003 002 001
Ti grade 12 567 523 554
Ti grade 16 463 481 6 87
Alloy 825 SDW, 90°C 006 005 002
Alloy G3 008 007 005
Allgy C22 007 006 005
Alloy C4 006 008 008
Alloy 625 004 003 004
Ti grade 12 62 7 47 555
Tigrade 18 555 743 415
Alloy 825 SCW, 60°C 007 005 0086
Alloy G3 008 006 004
Alloy C22 008 006 006
Alloy C4 01 006 003
Alloy 625 008 006 008
Tigrade 12 707 738 677
Ti grade 16 364 4 67 427
Alloy 825 SCW, 90°C 007 005 G 04
Alloy G3 007 002 —0 03
Alloy C22 008 007 003
Alloy C4 009 002 0 09
Alloy 625 008 002 004
Ti grade 12 1179 586 965
Ti grade 16 66 667 42
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Table 229  Corrosion rate (um/yr) of corrosion-allowance material.

Environment
Solution and Aqueous Vapor Water line |

Material {emperature 6mo. | fTyr [6mo. | 1yr |6mo. | 1yr
A387 SDW, 60°C 45 | of 31 | 18 | 130 | 158
A516 L 93 76 48 27 220 194
Cast carbon steel 94 78 51 37 190 208
A387 SDW, 90°C 100 73 36 36 210 165
A516 100 54 77 56 240 111
Cast carbon steel 80 50 72 39 240 119
A387 SCW, 60°C 25 7 110 132 170 135
A516 66 10 210 194 210 134
Cast carbon steel 72 11 200 114 210 190
A387 SCwW, 90°C 12 4 210 287 85 99
AS16 12 6 240 227 16 58
Cast carbon steel 14 7 180 148 94 89

Table 2.2-10 Corrosion rate (um/yr) of Monel 400 and CDA 715.

Environment
Solution and Aqueous Vapor l_‘ Water line
Material temperature 6 mo 1yr [6mo Tyr | Emo Tyr
Monel 400 SAW, 60°C 118 81 1 87 54
CDA 715 219 17 4 3 403 216
Monel 400 SAW, 90°C 82 52 2 59 38
CDA 715 282 215 11 9 285 221

U-bend Specimens Specimens from vessels 18-23 and 25-30 are currently being examined
for possible stress corrosion cracking There is currently no documented evidence of stress
corrosion cracking on any of the specimens examined to date, however, a few specimens may
indicate some degree of attack. They will be examined in more detail with metallography and
other suitable methods to determine the pattern and extent of attack, including possible
cracking

227 Discussion

2.2.7.1 Corrosion-Resistant Metals

Summary test results presented in Table 2 2-8, Table 2 2-9, and Table 2 2-10 display the
average corrosion rate of the corrosion-resistant, corrosion-allowance, and copper—nickel
materials, respectively There was little or no notable difference in the corrosion resistance
between welded and unwelded specimens, nor between weight-loss and crevice specimens,
so the average corrosion rates presented in these tables are representative of the average
corrosion rates of the welded and unwelded weight-loss and crevice specimens
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Table 2 2-8 summarizes the corrosion rates for the corrosion-resistant materials to date
These rates are negligible, however, the titanium grade 12 and titanium grade 16 showed
elevated corrosion rates at the six-month interval in the SAW, SCW, and SDW environments
when compared to the other corrosion-resistant materials in the same environment and time
interval These anomalous data are considered to be a result of the acid-cleaning procedure
employed for the six-month titanium specimens, because the chemical cleaning method was
found to be responsible for removing base metal instead of corrosion product There was no
prescribed method for cleaning titanium-based materials in the ASTM G1-90 specification, so
the methodology initially adopted for cleaning titanium was the same as that used for the
other corrosion-resistant materials, i.e , the cleaning method described for stainless-steel
alloys There was no corrosion product on the titanium alloys at either the six-month or one-
year interval, but there was a very thin and seemingly tightly bound oxide layer We have
decided that the titanium specimens can be adequately cleaned by using deionized water and
brushing with a nylon brush The one-year titanium samples were cleaned using this method,
and it will be used for the other titanium specimens coming out of test in the future. The
corrosion rates of titanium specimens were found to be negligible using this cleaning method

Alloy 825 coupons exposed to the aqueous phase in 60° and 90°C SAW had some small
pits in the crevice area Pitting analysis of the affected areas will be performed after
installation of optical profile instrumentation.

2.2.7.2 Corrosion-Allowance Steels

The corrosion rates for the corrosion-allowance specimens are presented in Table 2 2-9
For both weight-loss and crevice specimens, visual inspection and weight-loss data provide
no clear evidence to differentiate corrosion resistance between the welded or unwelded
specimens Because the corrosion of welded and unwelded weight-loss and crevice
specimens are quite similar in the six-month data, the data from these sample sets were
grouped together to obtain an average corrosion rate for a given material The corrosion rate
of the water-line specimens is the average of one welded and one unwelded weight-loss
specimen For the aqueous- and vapor-phase specimens in the SAW and SCW environments,
the corrosion rate is an average of 12 specimens three welded weight-loss, three unwelded
weight-loss, three welded crevice, and three unwelded crevice For the aqueous- and vapor-
phase specimens in the SDW environments, the corrosion rate is an average of eight
specimens one welded weight-loss, one unwelded weight-loss, three welded crevice, and
three unwelded crevice

The data in Table 2.2-9 understate the actual penetration of the corrosion into the
specimens for two reasons In some cases, portions of a specimen were only lightly attacked,
whereas other portions of the same specimen suffered significant corrosion attack. In
addition, the depth of penetration was not uniform in the attacked area, that is, the surface
was roughened on a macroscopic scale The roughening was primarily broad pits A more
detailed study, using an optical profiling system, will be begun to determine the
characteristics of the penetration front into the specimens.

As indicated in Table 2.2-9, no single candidate of the three steels appears superior to
others in the six- and twelve-month corrosion data. In the test environments of SCW, the
vapor-phase specimens have higher corrosion rates than the aqueous-phase specimens. This
is probably caused by the higher CO, concentration in the atmosphere generated from the
HCO; in the test solution. CO, released to the atmosphere inside a chamber will be
redissolved in the condensate on the surfaces of vapor-phase specimens, forming carbonic
acid, which, similar to any acid reaction with iron, can accelerate the corrosion of iron The
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lower corrosion rates of the water-line specimens in SCW at 90°C, especially alloy A516, may
be a result of the vertical specimen mounting, where less condensate is collected on the
surface As stated previously, the CO, content is indeed higher above the bicarbonate-rich
SCW solution versus the SDW solution The corrosion-rate results clearly show an increased
degree of attack on the specimens exposed in the vapor phase above the SCW solution for all
three alloys

The low corrosion rate of aqueous-phase specimens in SCW is likely due to the
passivation of steels by high concentration of anions, especially bicarbonate Brasher (1969)
reported that anions can contribute to the destruction of the oxide film, but they can also
provide inhibition by being adsorbed onto the metal surface at weak points in the oxide film,
suppressing anodic dissolution of the metal Brasher also shows that less aggressive anions
are likely to be able to passivate af lower concentration than more aggressive ones In the test
solutions used for this study, bicarbonate is the least aggressive anion of the concentrated
species This reasoning explains the observed reduction in corrosion rates for specimens
exposed to SCW aqueous phase versus SDW aqueous phase

For coupons mounted at the water line, the corrosion condition of the vapor-phase
portion of a specimen is similar to that of vapor-phase specimens The aqueous-phase portion
of a specimen is usually worse than that of aqueous-phase specimens The worst corrosion is
always located directly below the water line, probably due to slight water-line level
fluctuations Characterization of the water/vapor interface will be examined closely with the
optical profiler system to characterize the extent and pattern of attack

Oxidation of iron leads to the generation of distinct layers of iron oxides Preliminary x-
ray diffraction patterns of corrosion products from a specimen exposed in the vapor phase
above the SCW solution revealed oxides of Fe,O;, FeO, and Fe,O, A more detailed study of
corrosion products will be begun soon

2.2.7.3 Intermediate-Resistant Metals

The corrosion-rate results of the copper~nickel materials are presented in Table 2 2-10
The pH 2-3 acidified environment (SAW) is intended to simulate the effect of possible
microbial production of acid After the Monel 400 and CDA 715 specimens were placed in the
SAW environment, the pH values of water gradually increased from 2 7 to 5 3 in three
months (pH was not monitored during this period) More sulfuric acid was added to both
solutions of 60° and 90°C to lower the pH to ~3. The solution pH values were monitored and
reached pH 5 5 in two weeks During this time, the solutions were also sampled and analyzed
for Cu and Ni ionic concentrations The concentration of Cu and Ni were 170 and 130 ppm,
respectively, at 60°C The concentration of Cu and Ni were 180 and 170 ppm, respectively, at
90°C immediately after the addition of acid As the pH increased, the Ni concentrations
increased, but Cu decreased The results indicate the specimens were dissolving in acidic
solutions

We have found that the corrosion rates of aqueous-phase specimens were 1 to 2 orders of
magnitude greater than those of vapor-phase specimens. The specimens exposed to the vapor
phase are relatively resistant to general corrosion in this environment, with corrosion rates
varying from 1 to 11 pm/yr The corrosion rates for CDA 715 are two to four times that of
Monel 400.

The large weight loss of aqueous-phase specimens is due to both dissolution (i.e , M + 2H'
— M," + H,) and corrosion. We think that dissolution is the dominant factor causing weight
loss in samples exposed in the aqueous phase, This hypothesis is supported by the rapid
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change of pH values from ~3 to ~5 in two weeks (i e , equivalent to ~0.5 mole of divalent
metals dissolved in 1,000 L of solution) To continue the long-term corrosion study of
intermediate-resistant materials in SAW, we have decided to carry out the study under
equilibrium pH values (presently at pH 5-6)

Pitting evaluation of selected specimens will be performed using the optical profile
system Many of the samples are pitted, especially those exposed in the aqueous phase

Future Work

Many specimen racks are scheduled for test removal in FY 99 Samples in those racks will
undergo the comprehensive post-test characterization regimen, including photography,
metallography, chemical and mechanical cleaning, post-test weighing, cotrosion-rate
calculations, and specimen archival.

A large volume of work is planned using the optical profiler system to characterize the
pattern and extent of pitting attack on specimens removed from test The new analysis tool is
due at LLNL August 1998 and will have to be qualified to be used on Yucca Mountain
Project Training of operators is scheduled for early FY 99

Metallography and other methods will be used on selected U-bend specimens removed
from test that are tagged as having a notable surface attack present

Dissolved-oxygen measurements will be performed on the solutions currently being used
in the LTCTF Confirmation of carbon dioxide measurements made earlier will be performed

Long-term corrosion-potential measurements of specimens exposed to the bounding
environments described earlier are planned for FY99 In addition, long-term corrosion-
potential measurements are planned in particularly aggressive environments, such as
saturated J-13 ionic species and FeCl, at 30°, 60°, and 90°C

A planned-interval approach of long-term testing is being planned for materials in
solutions containing selected J-13 ions (saturated) at 30°, 60°, and 90°C

References

ASTM (1987a) Standard Practice for Making and Using U-Bend Stress Corrosion Test Specimens
(Standard G30-79, reapproved 1994) Philadelphia, PA American Society for
Testing and Materials (Book of Standards, Vol 3 02) [NNA 19891005 0117]

ASTM (1987b) Standard Practice for Preparing, Cleaning, and Evaluating Corrosion Test
Specimens (Standard G1-90, reapproved 1994) Philadelphia, PA American
Society for Testing and Materials (Book of Standards, Vol 3.02)

Brasher, D M. (1969) “Stability of the Oxide Film on Metals in Relation to Inhibition of
Corrosion: Part II. Dual Role of the Anion in the Inhibition of the Corrosion of
Mild Steel ” Br Corros | 2:122

Cramer, S D (1974) “The Solubility of Oxygen in Geothermal Brines.” CS Tedmon, Jr., ed
Corrosion Problems in Energy Conversion and Generation Princeton, N J
Corrosion Division, Electrochemical Society.



2.2 Long-Term Cotrosion Studies

Estill, J. (1996a) Yucca Mountain Project Technical Implementation Plan, User Calibration of Fowler
Ultra Cal Mark I Digital Caliper (TIP-CM-05, Rev 1) Livermore, CA Lawrence
Livermore National Laboratory. [IMOL.19961021 0119}

Estill, J (1996b) Yucca Mountain Project Technical Implementation Plan, User Calibration of
Mettler AT200 Analytical Balance (TIP-CM-04) Livermore, CA. Lawrence
Livermore National Laboratory. [IMOL 19960814 0257}

Gdowski, G E (1997) Yucca Mountain Project Technical Implementation Plan, Formulation and
Make-Up of Simulated Cement Modified Water (TIP-CM-11) Livermore, CA
Lawrence Livermore National Laboratory {MOL 19980109 0292]

Gdowski, G E (1998) Yucca Mountain Pioject Activity Plan, Long-Term Corrosion Studies (MB

SIP Activity E-20-50, Rev 4) Livermore, CA Lawrence Livermore National
Laboratory [MOL 19980105 0583]

McCright, R D (1997) Engineered Materials Characterization Report Milestone report for the
CRWMS Management and Operating Contractor, U S Department of Energy
(TR251FBY, Rev 1) Livermore, CA- Lawrence Livermore National Laboratory
{Also UCRL-ID-119564, Rev 1) [MOL 19980105 0616]



2.2 Long-Term Corrosion Studies

EMCR Section 2.2.6 Supplement 1: Weight-loss results.

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification (gfec) time area loss rate | humber-rack
{hours} | {sqcm} 1) {pmiy) number

AWA 001 1825 814 4296 2830 |-00005| -004 25-1A 80°C vapor SAW
AWA 002 1825 814 4296 28 37 0 0000 000 25-1A 60°C vapor SAW
AWA 003 i825 814 4296 2834 | 00003 003 25-1A 60°C vapor SAW
AWA 004 1825 814 4296 2826 |-—00002| -002 25-1B 60°C agqueous SAW
AWA 005 825 814 4296 2821 |-00003| -003 25-1B 60°C aqueous SAW
AWA 006 1825 814 4296 27 81 00015 014 25-18 60°C aqueous SAW
AWA 007 1825 814 8376 2813 ;-0 0001 000 25-2A 60°C vapor SAW
AWA 008 1825 814 8376 2816 j-00005| -002 25-2A 80°C vapor SAW
AWA 009 1825 814 8376 2826 |-00003! —0Oi 25-24 60°C vapor SAW
AWA 010 1825 814 8376 28 26 0 0000 000 25-28 60°C aqueous SAW
AWA 011 1825 814 8378 28 31 0 0026 012 25-28 60°C agueous SAW
AWA (012 1825 814 8376 2799 |-00003| 001 25-2B 60°C aqueous SAW
AWA 031 825 814 4296 2815 |0o0002; 002 25-1A 60°C water ling SAW
AWA 032 1825 814 8376 28 27 0 0001 000 25-2A 80°C water line SAW
AWA 036 1825 814 4344 2794 | 00005 004 26-1A 90°C water line SAW
AWA 037 1825 814 8784 2834 | 00000 000 26-2A 90°C water line SAW
AWA 041 1825 814 4344 28 29 00011 010 26-1A 90°C vapor SAW
AWA 042 1825 814 4344 28 24 00016 014 26-1A 90°C vapor SAW
AWA 043 1825 814 4344 2812 | 00008 007 26-1A 20°C vapor SAW
AWA 044 1825 814 4344 2844 | 00019 017 26-1B 90°C aqueous SAW
AWA 045 1825 B 14 4344 2804 | 00013 011 26-1B 90°C aqueous SAW
AWA 048 1825 B14 4344 2835 | 00018 016 26-1B 90°C aqueous SAW
AWA 047 1825 814 8784 28 18 0 0002 oo 26-2A 90°C vapor SAW
AWA (048 1825 814 8784 2793 00004 002 26-2A 90°C vapor SAW
AWA 049 1825 814 8784 2822 | 00005; 002 26-2A 90°C vapor SAW
AWA 050 1825 814 8784 28 28 00109 047 26-28 90°C aqueous SAW
AWA 051 1825 814 8784 2830 | 00105 Q45 26-28 90°C agueous SAW
AWA 052 1825 814 8784 28 31 00061 026 26-28 90°C agueous SAW
AWA 071 1825 814 4392 2834 |-00001| -~001 27-1A 80°C vapor SCW
AWA 072 1825 B14 4392 2813 | 00004 003 27-1A 80°C vapor SCW
AWA 073 1825 814 4392 28 30 0 0003 003 27-1A 80°C vapor SCW
AWA 074 1825 814 4392 2816 | 00007 006 27-1B 60°C aqueous SCW
AWA 075 1825 814 4392 2818 | 00006 005 27-1B 60°C aqueous SCW
AWA 076 1825 814 4392 28 20 0 0006 005 27-1B 60°C agueous SCW
AWA 101 1825 814 4392 2814 | 00006 005 27-1A 60°C water line SCW
AWA 106 1825 814 4464 28 20 0.0007 006 28-1A 90°C water line SCW
AWA 111 1825 814 4464 2825 | 00002 002 28-1A 90°C vapor SCW
AWA 112 1825 814 4464 2812 | 00005 004 28-1A 90°C vapor SCW
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Sample Alloy Density| Exposure| Surtace | Weight |Corrosion Vessel Test environment

identification (g/ce) time area loss rate number-rack
(hours) | (sqcm) (g} {nmvy) number

AWA 113 1825 814 4464 2783 | 00003 Q003 28-1A 890°C vapor SCW
AWA 114 1825 814 4464 28 1 0.0002 002 28-1B 90°C agueous SCW
AWA 115 1825 8§14 4464 28 43 0 0000 000 28-1B 90°C agueous SCW
AWA 116 1825 814 4484 2813 0 0004 04Q3 28-18 90°C agueous SCW
AWA 141 1825 814 4464 2837 |-00002 -0 02 29-1A 60°C vapor SDW
AWA 142 1825 814 4464 2802 |-00001 —0 01 29-1B 60°C aqueous SDW
AWA 151 {825 8.14 4464 2841 {00003 —003 29-1A 60°C water line SDW
AWA 164 1825 814 4392 28 06 0 0002 002 30-1A  |90°C water line SDW
AWA 168 1825 814 4392 28 28 00003 003 30-1A 90°C vapor SDW
AWA 169 1825 B 14 4392 2822 | 00006 005 30-1B 90°C aqueous SDW
AWB 001 1825 814 4296 2774 |-D0004] D04 25-1A 60°C vapor SAW
AWB 002 1825 §14 4296 2675 | 00010 009 25-1A B0°C vapor SAW
AWB 003 1825 814 4296 2753 | 00004 004 25-1A 60°C vapor SAW
AWB 004 1825 B14 T 4296 2756 |-00003| -003 T 25-1B 80°C aqueous SAW
AWB 005 1825 814 4296 2753 | 00001 0] 25-1B 680°C aqueous SAW
AWB 006 1825 814 | 4296 2754 | 00011 010 25-1B 60°C aqueous SAW
AWE 007 1825 814 8376 2766 |-00004)7 002 25-2A  |60°C vapor SAW
AWB 008 i825 814 8376 27 71 0 0000 000 25-2A 80°C vapor SAW
AWB 009 1825 814 8376 2768 [-00004| 002 25-2A 80°C vapor SAW
AWB 010 1825 814 8376 27 84 100002 001 25-28 80°C agusous SAW
JAWB 011 1825 814 8376 27 91 0 0001 000 25-28 60°C aqueous SAW
AWB 012 1825 814 8376 2769 (~00003| 001 25-28 60°C aqueous SAW
AWB 031 1825 814 4296 2756 (00008 005 2518 80°C water line SAW
AWB 032 1825 814 8376 27 43 |0 0001 000 25-28 60°C water line SAW
AWB 036 1825 814 4344 27 45 0 0006 005 26-1B 90°C water line SAW
MEOSY 1825 814 8784 2785 | Q0003 001 26-2B 90°C water line SAW
AWB 041 1825 814 4344 27 83 0 0009 008 26-1A 90°C vapor SAW
AWB 042 1825 814 4344 27 68 00006 005 26-1A 90°C vapor SAW
AWB 043 1825 814 4344 2749 | Q0007 006 26-1A  (90°C vapor SAW
AWB 044 1825 814 4344 2748 | 00055 050 26-1B 90°C aqueous SAW
AWE 045 1825 814 4344 27 72 00016 014 26-1B 90°C aquecus SAW
AWB 046 825 814 4344 2764 | 00040 036 26-18 90°G aqueous SAW
AWB 047 1825 __l 814 8784 27 07 0 0005 002 26-2A 90°C vapor SAW
AWB 048 1825 B 14 8784 2788 | 00006 003 26-2A 90°C vapor SAW
AWB 049 825 814 8784 2770 | 00005 002 26-2A 90°C vapor SAW
AWE (50 1825 814 8784 2788 | 00006 Q03 26-28 90°C aqueous SAW
AWB 051 1825 814 8784 2770 00003 oo 26-2B 90°C aqueous SAW
AWB 052 1825 814 8784 2760 | 00154 068 26-28 90°C agueous SAW
AWB 071 {825 814 4392 2763 | 00002 002 27-1A  |60°C vapor SCW
AWB 072 1825 814 4392 27 83 00010 009 27-1A 60°C vapor SCW




2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) | {sqcm) {g) (Lmiy) number

AWB 073 1825 814 :392 2775 | 00005 004 27-1A 60°C vapor SCW
AWB 074 1825 814 4392 2790 | 00003 003 27-1B 60°C aqueous SCW
AWB 075 1825 814 4392 27 37 0 0007 0086 27-1B 60°C aqueous SCW
AWB 076 1825 814 4392 2725 00001 001 27-1B 60°C aqueous SCW
AWB 101 825 814 4392 27 55 0 0007 006 27-1B 80°C water line SCW
AWB 106 1825 814 4464 27 44 | 00001 001 28-1B 90°C water line SCW
AWB 111 {825 814 4464 27 29 0 0003 003 2B-1A 90°C vapor SCW
AWB 112 1825 814 4464 27 35 00003 003 28-1A 90°C vapor SCW
AWB 113 {825 814 4464 27 59 0 0004 003 28-1A 90°C vapor SCW
AWB 114 1825 814 4464 27 48 0 0005 004 28-1B 890°C aqueous SCW
AWSB 115 1825 814 4464 27 49 0 0007 006 28-1B 90°C aqueous SCW
AWB 116 1825 814 4464 27 60 0 0002 002 28-1B 90°C aqueous SCW
AWB 141 1825 814 4464 2703 | 00003 003 29-1A 60°C vapor SDW
AWB 142 1825 814 4464 2738 | 00005 004 29-1B 80°C aqueous SDW
AWB 151 1825 814 4464 2770 0.0004 003 29-1B 60°C water line SDW
AWB 164 1825 814 4392 2775 0 0002 002 30-1B 90°C water line SDW
AWB 168 1825 g4 4392 27 87 0 0004 004 30-1A 90°C vapor SDW
AWB 169 1825 814 4392 27 90 0 0002 002 30-1B 90°C aqueous SDW
BWA 001 G3 827 4296 2831 |00003; -003 25-1A 60°C vapor SAW
BWA 002 G3 827 4296 2832 |000061 005 25-1A 60°C vapor SAW
BWA 003 G3 827 4296 2855 |-00002| Q02 25-1A 60°C vapor SAW
BWA 004 G3 827 4296 2874 (00007 006 25.1B 60°C aqueous SAW
BWA 005 G3 827 4296 2826 (00001 001 25-18 60°C agueous SAW
BWA 008 G3 827 4296 2845 |00023] 020 25-1B 80°C agueous SAW
BWA 007 G3 827 8376 2851 |-00002( -0O01 25-2A 60°C vapor SAW
BWA 008 G3 827 8376 2864 |~00006| 003 26-2A 60°C vapor SAW
BWA 009 G3 827 8376 2855 |-00005| —002 25-2A 60°C vapor SAW
BWA 010 G3 827 8376 28 46 0 0005 002 25-28 60°C aqueous SAW
BWA Q11 @3 827 8376 2843 | -0 0001 000 25-28 £60°C aqueous SAW
BWA 012 G3 827 8376 2838 | 00000 000 25-28 60°C aqueous SAW
BWA 031 G3 827 4296 2855 |-00004| -~003 25-1A 60°C water line SAW
BWA 032 G3 827 8376 2839 | 00008 004 25-2A 60°C water line SAW
BWA 036 G3 827 4344 28 61 0 0002 0oz 26-1A 90°C water line SAW
BWA 037 G3 8.27 8784 2871 0 0002 00t 26-2A 90°C water line SAW
BWA 041 G3 827 4344 2876 | 00000 000 26-1A 90°C vapor SAW
BWA 042 G3 827 4344 28 31 0 0003 003 26-1A 90°C vapor SAW
BWA 043 G3 827 4344 28 35 0 0000 000 26-1A 90°C vapor SAW
BWA 044 G3 827 4344 2861 | 00004 -003 26-1B 90°C aqueous SAW
BWA 045 G3 827 4344 28 41 60000 000 26-18 90°C aqueous SAW
BWA 046 G3 827 4344 2848 |—00003| -003 26-1B 90°C aqueous SAW




2.2 Long-Term Corrosion Studies

Sample Alloy Density] Exposure | Surface | Weight { Corrosion Vessel Test environment

identification {g/ce) time area loss rate number-rack
{hours) | {sqcm) (g} {pmy) number

BWA 047 G3 827 8784 28 34 0 0006 003 26-2A 90°C vapor SAW
BWA 048 G3 827 8784 28 83 0 0003 0 01 26-2A 80°G vapar SAW
BWA 049 G3 827 8784 28 69 0 0006 003 | 28-2A 90°C vapor SAW
BWA 050 G3 827 8784 2864 [00005| D02 26-2B 90°C aqueous SAW
BWA 051 G2 827 8784 28682 (00008 003 i 26-28 90°C aqueous SAW
BWA 052 G3 827 8784 28 41 0 0004 po2 26-2B 80°C aquecus SAW
BWA 071 G3 | 827 4392 28 56 0 0001 oM 27-1A 60°C vapor SCW
BWA 072 G3 827 4392 2855 0 Q008 005 27-1A 680°C vapor SCW
BWA 073 G3 827 4392 28 44 0 0002 002 27-1A B80°C vapor SCW
BWA 074 G3 827 4392 2870 00003 003 27-1B_ 160°C aqueous SCW J
BWA Q75 G3 827 4392 2872 | Q0008 007 27-18 60°C aqueous SCW
BWA 076 G3 827 4392 2878 00002 002 27-1B 80°C agueous SCW
BWA 101 G3 8 27 4392 28 42 0 0005 004 27-1A 60°C water line SCW
rBWA 106 G3 827 4464 2853 |00008{ 007 28-1A 80°C water line SCW
BWA 111 @3 827 4464 2820 |—00003] —003 28-1A 90°C vapor SCW
BWA 112 @3 827 4464 2874 |—00003| 002 28-1A 90°C vapor SCW
IBWA 113 G3 8 27 4464 28 54 0 0000 000 28-1A 90°C vapor SCW
BWA 114 G3 8 27 4464 2860 |-00001| 001 28-1B 90°C aqueous SCW
BWA 115 G3 B27 4464 2858 |-00003; —002 28-1B 90°C aqueous SCW
BWA 116 G3 B 27 4464 28 62 0 0003 002 28-1B 90°C aqueous SCW
BWA 141 G3 827 4484 28 57 0 0008 005 29-1A 80°C vapor SDW
BWA 142 @3 827 4464 28 68 0 0005 004 28-1B 680°C agueous SDW
BWA 151 G3 827 4484 2838 |—00002) -002 29-1A 60°C water line SDW
BWA 164 @3 827 4392 2782 | 00010 Q09 30-1A 90°C water line SDW
BWA 168 | G3 827 4392 2779 D 0018 014 30-1A 90°C vapor SDW
BWA 189 G3 827 4392 27 87 00014 012 30-1B 90°C aqueous SDW
I_BWC 001 G3 8 27 4296 2835 (—Q0Q04! 003 25-1A 80°C vapar SAW
BWC 002 G3 827 4208 2794 1 00000 000 25-1A 80°C vapor SAW
BWC 003 G3 827 4296 2826 |—00005| 004 25-1A 80°C vapor SAW
BWGC 004 G3 827 4296 2815 1000051 004 25-1B 60°C agueous SAW
BWC 005 G3 8 27 4296 2794 00002y 002 25-18 80°C agqueous SAW
BWC 006 G3 827 4296 2829 |-0Q002; -002 25-1B 60°C aqueous SAW
(BWC 007 G3 827 8376 2795 |-00010; 005 25-2A 60°C vapor SAW
BWC 008 a3 827 8376 2816 |-00004} -002 25-2A £60°C vapor SAW
BWC 009 @3 827 8376 28 22 0 0000 000 25-2A 60°C vapor SAW
BWC 010 @3 827 8376 2807 | 00000 0 00 25-2B 60°C aqueous SAW
BWC 011 G3 827 8376 2832 |00003| -~0Ot 25-2B 60°C aqueous SAW
BWC D12 G3 827 8376 2784 |-D000B) 004 25-2B 60°C aquecus SAW
BWC 031 G3 827 4296 2830 |-00002| -DQ2 25-18 60°C water line SAW
BWC 032 G3 827 8376 28 29 0 0002 001 25-28 60°C water line SAW




2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification (g/cc) time area loss rate number-rack
(hours) | (sq cm) (9) {um/iy) number

BWC 036 G3 827 4344 2834 | 00008 008 26-1B 80°C water line SAW
BWC 037 G3 8 27 8784 2823 | 00001 000 26-28 90°C water ling SAW
BWC 041 G3 827 4344 2825 | 00008 007 26-1A 90°C vapor SAW
BWC 042 G3 827 4344 2830 | 00003 003 26-1A  |90°C vapor SAW
BWC 043 G3 827 4344 2785 | 00003 003 26-1A  |90°C vapor SAW
BWC 044 G3 827 4344 2832 |00005| 004 26-1B 90°C aqueous SAW
BWC 045 G3 827 4344 28 31 0 0011 009 26-1B 90°C aqueous SAW
BWC 046 G3 8 27 4344 2833 (00001} -001 26-1B 90°C aqueous SAW
BWC 047 G3 827 8784 2826 | 00002 001 26-2A  |90°C vapor SAW
BWC 048 G3 827 8784 2837 | 00013 0086 26-2A  |80°C vapor SAW
BWC 049 G3 8 27 8784 2830 | 00013 006 26-2A  |90°C vapor SAW
BWC 050 G3 8 27 B784 2842 |-00003| -001 25-2B 90°C aqueous SAW
BWC 051 G3 827 8784 2827 |-00005| -002 26-2B 90°C aqueous SAW
BWC 052 G3 827 B784 2837 |{-00005| -002 26-2B  {90°C aqueous SAW
BWGC 071 G3 8 27 4392 28 31 0 0005 004 27-1A  {B0°C vapor SCW
BWC 072 G3 827 4392 2789 | 00001 001 27-1A  |60°C vapor SCW
BWC 073 G3 827 4392 28 26 0 0021 018 27-1A 60°C vapor SCW
BWC 074 G3 827 4392 28 41 0 0006 005 27-1B 60°C aqueous SCW
BWC 075 G3 827 4392 28 b1 0 0000 000 27-1B 60°C aqueous SCW
BWC 076 G3 827 4392 2828 | 00002 002 27-1B 60°C aqueous SCW
BWC 101 G3 B 27 4392 2769 | 00005 004 27-1B 60°C water line SCW
BWC 108 G3 8 27 4464 2829 | 00001 001 28-1B 90°C water ling SCW
BWC 111 G3 827 4464 2828 | 00003 003 28-1A 90°C vapor SCW
BWGC 112 G3 827 4464 2818 | 00002 002 28-1A 190°C vapor SCW
BWC 113 G3 827 4464 2838 | 00004 003 28-1A 90°C vapor SCW
BWC 114 G3 8 27 4464 2822 | 00004 003 28-1B 90°C aquecus SCW
BWC 115 G3 827 4464 2802 | 00004 003 28-1B 90°C aqueous SCW
BWC 116 G3 827 4464 2837 | 00003 003 28-1B 90°C aqueous SCW
BWC 141 @3 827 4464 2824 | 00001 001 29-1A  160°C vapor SDW
BWC 142 G3 827 4464 2835 | 00002 002 29-1B  {60°C agueous SDW
BWC 151 G3 827 4464 2828 (-00001| 001 29-1B 60°C water line SDW
BWC 164 G3 827 4392 27 92 0 0001 001 30-1B 90°C water line SDW
BWC 168 G3 827 4392 2784 | 00000 000 30-1A  |90°C vaper SDW
BWC 169 G3 827 4392 27 90 0 0011 010 30-1B 90°C aqueous SDW
CWA 001 C4 8 60 4298 28 01 00002 002 25-1A 60°C vapor SAW
CWA 002 C4 8 60 4298 27 87 | 00000 000 25-1A 80°C vapor SAW
CWA 003 C4 860 4296 27 96 0 0001 001 25-1A 60°C vapor SAW
CWA 004 C4 860 4296 27 81 0 0005 004 25-18  |60°C aqueous SAW
CWA 005 C4 8 60 4296 2782 | 00004 003 25-1B  180°C aqueous SAW
CWA 006 C4 8 60 4296 2808 | 00005 004 25-18  |60°C aqueous SAW




2.2 Long-Term Cotrosion Studies

Exposure

Sample Alloy Density Surface | Weight |Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours} | (sq cmy) {g) {umsy) number 1

CWA 007 Ca 8 60 B376 2832 |-00004| D02 25-2A 80°C vapor SAW
CWA 008 C4 860 8376 2781 |-00003| 001 25-2A 60°C vapor SAW
CWA Q08 C4 8 80 8376 2809 |-Qo0005) 002 25-2A 60°C vapor SAW
CWA D10 C4 860 8376 2803 0 0000 000 25-28 80°C aqueous SAW
CWA O Cc4 8860 8376 28 01 0 0002 001 25-28 60°C aqueous SAW
EWA 012 C4 8 60 8376 2809 0 0007 003 25-2B 60°C aqueous SAW
CWA O3 Ca 880 4296 2834 | 00002 002 25-1A £0°C water line SAW
CWA 032 C4 8 60 8376 27 97 0 0003 001 25-2A 60°C water line SAW
CWA 036 C4 8 60 4344 27 81 0 0004 003 26-1A 90°C water line SAW
CWA 037 C4 860 8784 28 00 00010 004 26-2A 90°C water line SAW
CWA 041 C4 860 4344 2800 [-00001] 001 26-1A 90°C vapor SAW
CWA 042 C4 860 4344 27 86 00008 007 26-1A 90°C vapor SAW
CWA 043 C4d 860 4344 27 94 0 0004 003 26-1A 90°C vapor SAW
CWA 044 C4 860 4344 27 98 0 0006 005 26-1B 90°C aqueous SAW
CWA 045 C4 860 4344 28 20 0 0008 007 26-1B 90°C aqueous SAW
CWA 046 Cd 880 4344 28 Q7 0 0007 006 26-18 90°C agueous SAW
CWA 047 C4 860 8784 2800 0 0008 002 26-2A 90°C vapor SAW
CWA 048 C4 8 80 8784 2772 0 0008 003 26-2A 90°C vapor SAW
CWA (49 C4 880 8784 2803 (0008 003 26-2A 90°C vapor SAW
CWA 050 Ca 8 B0 8784 2821 00011 005 26-2B 890°C agueous SAW
CWA 051 C4 8 60 8784 28 06 00012 005 26-2B 90°C aquecus SAW
CWA 052 [Cﬁ_ 860 8784 ﬁ 87 0 Q010 004 26-2B 80°C aquegus SAW
CWA 071 C4 gﬁ()_‘ 4392 27 83 0 0005 004 27-1A | 80°C vapor SCW
CWA 072 C4 8 60 4392 28 40 0 0002 002 27-1A 680°C vapor SCW
CWA 073 C4 8 60 4392 27 82 0 0007 008 27-1A 680°C vapor SCW
CWA Q74 C4 860 4392 28 07 0 0008 007 27-1B 60°C aqueous SCW
CWA 075 C4 8 60 4392 2772 0 0011 009 27-1B 60°C aqueous SCW
CWA 076 C4 860 4392 2823 0 0008 007 27-1B 60°C agueous SCW
CWA 101 C4 B 80 4392 28 32 0 0005 004 27-1A 60°C water line SCW
CWA 106 C4 8 60 4464 27 90 0 0001 oo 28-1A 90°C water line SCW
CWA 111 C4 8 60 4464 28 31 0 0001 001 28-1A 90°C vapor SCW
CWA 112 C4 860 4464 28 20 00003 002 28-1A 90°C vapor SCW
CWA 113 c4 8 60 4464 2805 |-00001; D01 28-1A 80°C vapor SCW
CWA 114 C4 860 4464 27 96 0 0008 007 28-1B 90°C aqueous SCW
CWA 115 C4 8 60 4464 27 90 0 0003 Q02 28-18 90°C aqueous SCW
CWA 116 C4 860 4464 28 17 00011 009 28-1B 90°C aqueous SCW L
CWA 141 C4 860 4464 28 36 0 0006 005 29-1A 60°C vapor SDW |
CWA 142 C4 860 4464 28.10 00002 002 29-18 60°C aqueous SDW
CWA 151 C4 8 60 4464 2792 | 00000 000 29-1A 60°C water line SDW
CWA 164 C4 8 60 4392 2815 00011 009 30-1A 90°C water line SDW




2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure| Surface | Weight | Corresion Vessel Test environment

identification (g/ce) time area loss rate number-rack
(hours) | (sq cm) {q) (um/y) number

CWA 168 C4 860 4392 2815 | 00016 013 30-1A 90°C vapor SDW
CWA 169 C4 8 60 4392 28 11 00012 010 30-1B 90°C agueous SDW
CWB 001 C4 8 60 4296 2778 | 00001 0o 25-1A 80°C vapor SAW
CWB (02 C4 860 4296 2712 i 00001 om 25-1A 60°C vapor SAW
CWB 003 C4 8 60 4296 27 44 00007 006 25-1A 80°C vapor SAW
CWB 004 C4 8 60 4296 2802 |00C00%f| 001 25-1B 60°C aqueous SAW
CWB 005 C4 860 4296 2777 | 00006 005 25-1B 60°C aqueous SAW
CWB 006 C4 860 4296 2773 |00003| 003 25-1B 60°C aqueous SAW
CWB 007 C4 860 8376 27 93 0 0001 000 25-2A 60°C vapor SAW
CWB 008 C4 860 8378 2762 | 00001 000 25-24 60°C vapor SAW
CWB 009 C4 8 60 8378 2749 |-00003| 001 25-2A 60°C vapor SAW
CWB 010 C4 860 8376 2763 |-00001 000 25-28 60°C aqueous SAW
CWB 011 C4d 860 8376 27.69 0 6001 000 25-2B 680°C aqueous SAW
CWB 012 C4 860 8376 27 87 |-0 0001 000 25-2B £0°C aqueous SAW
CWB 031 C4 8 60 4296 2770 |-00003| 003 25-1B 60°C water line SAW
CWB (032 C4 860 8376 2748 |-00003| 001 25-28 60°C water line SAW
CWB 036 C4 8 60 4344 2692 | 00010 009 26-1B 90°C water line SAW
CwWB 037 C4 8 60 8784 2777 | 00010 004 26-28 90°C water line SAW
CWB 041 C4 8 60 4344 2764 | 00006 005 26-1A 90°C vapor SAW
CWB 042 C4 8 60 4344 2785 | 00006 005 26-1A 90°C vapor SAW
CWB 043 C4 8 60 4344 2715 0 0008 007 26-1A 90°C vapor SAW
CWB 044 C4 8 60 4344 2777 0 0004 003 26-1B 90°C aqueous SAW
CWB 045 Ca 860 4344 2776 | 00002 002 26-1B 80°C aqueous SAW
CWB 046 C4 8 60 4344 2790 | 00002 002 26-1B 80°C aqueous SAW
CWB 047 C4 8 60 8784 28 00 00010 004 26-2A 90°C vapor SAW
CWB 048 C4 8 60 8784 2807 | 00012 005 26-2A  |90°C vapor SAW
CWB 049 C4 860 8784 28 24 00011 005 26-2A 90°C vapor SAW
CWB 050 C4 860 8784 2789 | 00010 004 26-28 90°C aquecus SAW
CWB 051 C4 8 60 8784 2812 { 00010 004 26-28 90°C agueous SAW
CWB (52 C4 8 60 8784 2794 | 00010 004 26-2B 90°C aqueous SAW
CWB 071 C4 8 60 4392 2807 | 00005 004 27-1A 80°C vapor SCW
CWB 072 C4 8 60 4392 2783 | 00010 008 27-1A 60°C vapor SCW
CWB 073 C4 860 4392 2785 | 00007 0086 27-1A 80°C vapor SCW
CWB 074 C4 8 60 4392 2783 | 00007 006 27-1B 60°C agqueous SCW
CWB 075 C4 8 60 4392 2767 | 00010 008 27-1B 60°C aqueous SCW
CWB 076 C4 860 4392 27 35 ¢ 0014 012 27-1B 80°C aqueous SCW
CWB 101 C4 860 4392 2744 | 00012 010 27-1B 80°C water line SCW
CWB 106 C4 860 4464 2756 | 00008 007 28-1B 90°C water line SCW
CWB 111 C4 860 4464 2765 | 00001 001 28-1A 80°C vapor SCW
CWB 112 C4 8 60 4464 2773 | 00000 000 28-1A 80°C vapor SCW




2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification (gfce)} time area loss rate number-rack
{hours) | {sq cm) {+)] (umiy) number .
CWEB 113 C4 860 4464 2768 (00001 -0O1 28-1A 90°C vapor SCW
CwB 114 C4 8 60 4464 28 03 0 0005 004 28-1B 90°C aqueous SCW
CwB 115 C4 860 4464 27 88 0 0004 003 | 28-1B 80°C aqueous SCW
CWB 118 C4 860 4464 27 77 0 0004 003 28-1B 90°C aqueous SCW
CwB 141 Ca 860 4464 27 87 0 0004 003 29-1A 80°C vapor SDW
CWB 142 C4 8 60 4464 27 99 0 0003 002 29-1B 60°C aqueous SDW
CcwB 151 C4 860 4464 28 19 0 0000 000 29-1B 80°C water line SDW
CWB 164 Ca 8 80 4392 2803 00008 007 30-1B 90°C water line SODW
CwWB 168 C4 8 60 4392 27 79 0 0004 003 30-1A 50°C vapor SDW
CwWB 169 C4 860 4392 27 61 0 0011 009 30-18 90°C aqueous SDW
DWA 01 ca22 8 60 4296 2817 £ 0003 003 25-1A 80°C vapor SAW
DWA 002 c22 860 4296 2815 (00006 —005 25-1A 60°C vapor SAW
DWA 003 c22 860 4296 2804 0 0006 005 25-1A 60°C vapor SAW
DWA 004 c22 860 4296 2802 |-00007] 008 25-18 60°C aqueous SAW
DWA 005 caz2 8 60 4296 2803 [-00004 -003 25-1B 60°C aqueous SAW
DWA 006 G22 880 4296 2822 (00003 -003 25-1B 60°C aqueous SAW
DWaA 007 c22 860 8376 28 30 00004 002 25-2A €0°C vapor SAW
DWA 008 c22 860 8376 2812 0 0003 oM 25-2A 60°C vapor SAW
DWA 009 caz 860 8376 28 16 0 0006 003 25-2A 60°C vapor SAW
[E)WA 010 G22 860 8376 27 99 0 000t 000 25-2B 60°C aqueous SAW
DWA D11 ca22 B B0 8376 28 25 0 0004 002 25-28 60°C aqueous SAW
-

DWA 012 ca2 880 8376 28 04 0 0005 002 25-28 60°C aqueous SAW
DWA 031 c22 8 60 4296 2778 |—00004; 003 25-1A 60°C water line SAW
DWA 032 c22 860 8378 2810 | 00003 0 01 25-24 80°C water line SAW
DWA 036 caz 880 4344 27 89 0 0002 002 26-1A 90°C water ling SAW
DWA 041 caz 8 80 4344 2814 | 00000 000 26-1A 90°C vapor SAW
DWA 042 22 860 4344 28 11 0 0006 005 26-1A 30°C vapor SAW
DWA 043 ca22 8 60 4344 28 08 00010 008 26-1A 90°C vapor SAW
DWA 044 caz2 8 60 4344 2811 [-00004| -003 26-1B 80°C aqueous SAW
DWA 045 C22 8 €0 4344 2807 |00005] 004 26-18 90°C aqueous SAW
DWA 046 caz 860 4344 2808 0 0001 001 26-1B 90°C agueous SAW
DWA 047 c22 8 60 8784 28 28 0 0005 0.02 26-2A 90°C vapor SAW
DWA 043 c22 860 8784 2784 | Q0005 Q2 26-2A 90°C vapor SAW
DWA 050 cz2z B 60 8784 2804 0 0004 002 26-2B 80°C aqueous SAW
DWA 052 ca22 860 8784 28 22 0 0002 oM 26-28 90°C aqueous SAW
DWA 071 ca2 860 4392 28 20 0.0003 002 27-1A 60°C vapor SCW
DWA (72 caz 8 60 4392 28 18 0 0004 003 27-1A 60°C vapor SCW
DWA 073 ca2 8 80 4392 28 05 00010 008 27-1A 60°C vapor SCW
DWA 074 c22 860 4392 2812 | 00011 009 27-1B 60°C aqueous SCW
DWA 075 ca2z2 8 60 4392 2814 | 00009 007 27-18 60°C agueous SCW




2.2 Long-Term Corrosion Studies

Test environment

Sample Density| Exposure | Surface | Weight [Corrosion]  Vessel

identification {g/cc) time area loss rate number-rack
{hours) | (sq cm) (a) (nm/y) number

DWA 078 caz2 8 60 4392 2829 | 00005 004 27-iB  {60°C aqueous SCW
DWA 11 G22 8 60 4392 2837 | 00006 005 27-1A 80°C water line SCW
DWA 106 c22 860 4464 2812 | 00004 003 28-1A  |90°C water line SCW
DWA {11 c22 8 60 4464 2813 | 00003 002 28-1A  |90°C vapor SCW
DWA 112 c22 8 &0 4464 2836 | 00002 002 28-1A  |90°C vapor SCW
DWA 113 c22 860 4464 2823 | 00002 002 28-1A  |90°C vapor SCW
DWA 114 ca2 8 60 4464 2824 | 00002 002 28-1B  |90°C aqueous SCW
DWA 115 ca2 8 60 4464 2812 | 00002 002 28-1B 90°C aqueous SCW
DWA 116 c22 860 4464 2807 0 0004 003 28-1B 80°C aqueous SCW
DWA 141 c22 8 60 4464 2820 100001 001 28-1A 60°C vapor SDW
DWA 142 ce2 8 60 4464 2821 |00002] 002 29-18 60°C aqueous SDW
DWA 151 c22 8 60 4464 2814 | 00001 001 29-1A 60°C water iine SDW
DWA 164 C22 8 60 4392 2819 [ 00010 008 30-1A 90°C water line SDW
DWA 168 ce2 8 60 4392 2807 | 00004 003 30-1A 90°C vapor SDW
DWA 189 ca2 B 60 4392 2799 | 00009 007 30-1B 90°C agueous SDW
DWBR 001 oz 8 80 4296 2739 | 00013 011 25-1A  |60°C vapor SAW
DWB 002 caz 8 60 4296 2744 | 00018 016 25-1A  |60°C vapor SAW
DWB 003 cez 8 60 4296 2754 | 00007 006 25-1A 80°C vapor SAW
DWE 004 cez2 8 60 4298 2749 | 00000 000 25-1B 60°C aqueous SAW
DWB 005 ca2 8 60 4296 2746 | 00004 003 25-1B 60°C aqueous SAW
DWB 006 ca2 8 60 4296 2732 | 00004 003 25-1B 80°C aqgueous SAW
DWB 007 caz2 8 60 8376 2750 | 00004 002 25-2A 80°C vapor SAW
DWE 008 c22 8 60 8376 2732 | 00003 001 25-2A 80°C vapor SAW
DWB 009 c22 8 80 8376 27 47 | 00000 000 25-2A 80°C vapor SAW
DW8 010 c22 8 60 8376 2734 |-00003 -0 01 25-28 60°C aqueous SAW
DWB 011 Cc22 8 60 8376 2722 (00002 001 25-2B  160°C aqueous SAW
DWB 012 c22 8 60 8376 2731 -0 0001 000 25-2B 80°C aqueous SAW
DWB 031 c22 8 60 4296 2760 |-00004] -003 25-1B 80°C water line SAW
DWB 032 c22 8 60 8376 2760 | 00002 001 25-2B  |60°C water line SAW
DWB 036 c22 8 60 4344 27.55 | 00001 001 26-1B 90°C water line SAW
DWB 037 caz 8 60 8784 2743 {00010y 004 26-2B 90°C water line SAW
DWB 041 c22 8 60 4344 2737 | 00005 004 26-1A  |80°C vapor SAW
DWB 042 c22 8 60 4344 2713 | 00014 012 26-1A  |80°C vapor SAW
DWB 043 ca2 8 60 4344 2764 | 00002 002 26-1A 90°C vapor SAW
DWB 044 c22 860 4344 2735 [-00001F —001 26-1B  |{90°C agueous SAW
DWB 045 ca2 8 60 4344 2712 |-00001} 001 26-1B  |90°C agueous SAW
DWB 046 c22 8 60 4344 2687 [—00002| -0QO02 26-1B  {90°C aqueous SAW
DWB 047 c22 8 60 8784 27 59 |-00001 000 26-2A  [90°C vapor SAW
DWB 048 c22 8 60 8784 2703 | 00000 000 26-2A  |90°C vapor SAW
DWB 048 caz2 8 60 8784 27 69 0 0001 000 26-2A 90°C vapor SAW




2.2 Long-Term Corrosion Studies

Sampie Alloy Density[ Exposure | Surface | Weight | Corrosion Vessel Test environment

identification (g/cc) time araa loss rate number-rack
{hours) | (sq cm) [{4)] {nm/y) number

DWB 050 c22 8 60 8784 2761 (-00003) 001 26-28 90°C aqueous SAW
DWB 051 c22 8 60 8784 2763 |-00003] 001 26-2B 80°C aqueous SAW
DWB 052 Cca2 860 8784 2775 (00010 -004 26-2B 90°C aqueous SAW
DWB 0714 ca2 860 4392 2747 | 00003 003 27-1A 60°C vapor SCW
DWB 072 ca22 860 4392 27 61 00003 003 27-1A 80°C vapor SCW
DWB 073 ca2 860 4392 2748 | 00004 003 2714 60°C vapor SCW
DWB 074 c22 8 60 4392 2744 | 00005 004 27-1B 80°C aguecus SCW
DWB 075 ca2 860 4392 2757 | 00004 003 27-1B 80°C aqueous SCW
DWB 076 ca2 860 4392 27 43 0 0008 007 27-1B 80°C aqueous SCW
owWB 101 c22 8 80 4392 2746 | 00008 Q07 27-1B 60°C water line SCW
DWB 106 caz B 60 4464 2764 | 00004 003 28-1B 90°C water line SCW
DWB 111 ca22 860 4464 27 45 0 0005 004 28-1A 90°C vapor SCW
DWE 112 c22 880 4464 2733 | 00007 008 28-1A 90°C vapor SCW
DWB 113 ca2 8 60 4464 27 47 | 00004 003 28-1A 90°C vapor SCW
DWB 114 ca22 860 4464 2706 | 00009 008 28-1B 90°C aqueous SCW
DWB 115 C22 8 60 4464 2704 | 00007 006 28-18 90°C agueous SCW
DWB 116 ca2 860 4464 27 44 | 00008 007 28-18 90°C agueous SCW
DWB 141 | rgg B 60 4464 2773 0 0003 002 29-1A 60°C vapaor SDW
DWB 142 ca2 880 44864 27 44 0 0001 001 29-1B 60°C aqueous SDW
DWB 151 ca2 2860 4464 2767 | 00001 0 01 29-18 60°C water line SDW
DWB 164 ca2 860 4392 27 61 0 0002 002 30-1B 90°C water line SDW
DWB 168 cez2 860 4392 27 76 0 0008 007 30-1A 90°C vapor SDW
DWB 169 c22 8 60 4392 2724 | 00003 003 30-18 90°C aguecus SDW
EWA 001 Ti Grade 12 443 4296 2824 | 00308 502 25-1A 80°C vapor SAW
EWA 002 Ti Grade 12 443 4296 28 93 00310 493 25-1A 60°C vapor SAW
EWA 003 Ti Grade 12 443 4296 2864 | Q0278 4 47 25-1A 80°C vapor SAW
EWA 004 Ti Grade 12 4 43 4296 28 30 0 0230 374 25-1B 60°C aqueous SAW
EWA 005 Ti Grade 12 443 4296 2872 00254 407 25-1B 60°C agueous SAW
[EWA 006 Ti Grade 12 443 4296 28 56 ! 0 0230 3an 25-18 60°C aqueous SAW
EWA 007 | Ti Grade 12 443 8378 2831 -0 0007 008 25-2A 60°C vapor SAW
EWA 008 Ti Grade 12 443 8376 2835 [-00004] -003 25-2A 60°C vapor SAW
EWA 009 Ti Grade 12 443 8376 2842 (—00004| -003 25-2A 60°C vapor SAW
EWA 010 Ti Grade 12 4 43 8376 2854 (00005 004 25-2B 60°C aqueous SAW
EWA 011 Ti Grade 12 443 8376 2892 |-00008| -007 25-28 60°C aqueous SAW
EWA 012 Ti Grade 12 443 8376 2839 (00005( -004 25-28 60°C agueous SAW
EWA 031 Ti Grade 12 443 4296 28 A 00303 493 25-1A 60°C water line SAW
EWA 032 Ti Grade 12 443 8376 2869 [-00004| 003 25-2A, 60°C water line SAW
EWA 036 Ti Grade 12 443 4344 2784 | 00158 258 26-1A 90°C waler line SAW
EWA Q37 Ti Grade 12 443 8784 2636 {00004 Q03 26-2A 90°C water line SAW
EWA 041 Ti Grade 12 443 4344 2805 | 00551 8 94 26-1A 80°C vapor SAW




2.2 Long-Term Corrosion Studies

Sample Alloy Density] Exposure | Surface | Weight | Corrosion Vessel Test environment

identification {g/ce) | time area loss rate | number-rack
{hours) |(sqgem) (@) (nm/y) number

EWA 042 Ti Grade 12 4 43 4344 2840 | 00212 340 26-1A 90°C vapor SAW
EWA 043 Ti Grade 12 443 4344 28 61 0 0550 875 26-1A 90°C vapor SAW
EWA 044 Ti Grade 12 443 4344 2876 | 00270 427 26-1B 90°C aqueous SAW
EWA 045 Ti Grade 12 443 4344 2908 | 00357 559 26-1B 20°C aqueous SAW
EWA 046 Ti Grade 12 443 4344 2843 | 00150 240 26-18 80°C aqueous SAW
EWA 047 Ti Grade 12 443 8784 2890 |-00001; 001 26-2A 90°C vapor SAW
EWA 048 Ti Grade 12 443 8784 2854 |-00007! -0086 26-2A 80°C vapor SAW
EWA 049 Ti Grade 12 443 8784 2874 |-00010) 008 26-2A 90°C vapor SAW
EWA 050 Ti Grade 12 4 43 8784 2868 [-00021| -(016 26-2B 90°C aqueous SAW
EWA 051 Ti Grade 12 443 8784 2824 |-00013 -0 10 26-28 90°C aqueous SAW
EWA 052 Ti Grade 12 443 8784 2824 |-00022; 018 26-2B 90°C aqueous SAW
EWA 071 Ti Grade 12 443 4392 2832 | 00404 6 42 27-1A 80°C vapor SCW
EWA 072 Ti Grade 12 443 4392 28 51 0 0527 832 27-1A 60°C vapor SCW
EWA 073 Ti Grade 12 443 4392 2860 | 00539 8 49 27-1A 60°C vapor SCW
EWA 074 Ti Grade 12 443 4392 2814 | 00532 B 51 27-1B 60°C aqueous SCW
EWA 075 Ti Grade 12 443 4392 2850 | 00440 695 27-1B 60°C aqueous SCW
EWA 076 Ti Grade 12 443 4392 28 83 00470 739 27-1B 60°C aqueous SCW
EWA 077 Ti Grade 12 443 8760 2860 |-00003 a2 27-2A 60°C vapor SCW
EWA 078 Ti Grade 12 443 8760 2823 |-00001| 001 27-24A 80°C vapor SCW
EWA 079 Ti Grade 12 4 43 8760 2843 {00002 002 27-2A 60°C vapor SCW
EWA 080 Ti Grade 12 443 8760 2866 | 00022 017 27-2B 60°C aquecus SCW
EWA 081 Ti Grade 12 443 8760 2854 | 00012 009 27-2B 60°C aquecus SCW
EWA 082 Ti Grade 12 443 8780 2835 00020 016 27-28B 60°C aquecus SCW
EWA 101 Ti Grade 12 443 4392 2906 | 00491 761 27-1A 60°C water line SCW
EWA 102 Ti Grade 12 443 8760 2918 | 00011 009 27-2A 60°C water line SCW
EWA 106 Ti Grade 12 443 4464 2810 | 00376 593 28-1A 90°C water line SCW
EWA 111 Ti Grade 12 443 4464 2834 | 00207 324 28-1A 90°C vapor SCW
EWA 112 Ti Grade 12 443 4464 2858 | 00261 404 28-1A 90°C vapor SCW
EWA 113 Ti Grade 12 4 43 4484 28680 | 00309 479 28-1A  |90°C vapor SCW
EWA 114 Ti Grade 12 443 4464 2798 | 00397 629 28-1B 80°C aqueous SCW
EWA 115 Ti Grade 12 443 4464 2865 | 00495 765 28-1B 80°C aqueous SCW
EWA 116 Ti Grade 12 443 4464 2865 | 00406 6 28 28-1B 90°C aqueous SCW
EWA 141 Ti Grade 12 443 4464 2837 | 00296 462 29-1A 60°C vapar SDW
EWA 142 Ti Grade 12 443 4464 2904 | 00236 360 29-1B 80°C agqueous SDW
EWA 151 Ti Grade 12 443 4464 2012 | 00327 498 29-1A 60°C water line SDW
EWA 164 Ti Grade 12 443 4392 2780 | 00349 565 30-1A 90°C water line SDW
EWA 168 Ti Grade 12 443 4392 2772 | 0Q377 612 30-1A 90°C vapor SDW
EWA 169 Ti Grade 12 443 4392 2765 | 00328 534 30-1B 90°C aqueous SDW
EWD 001 Ti Grade 12 443 4296 2888 | 00888 1093 25-1A 60°C vapor SAW
EWD 002 Ti Grade 12 443 4296 2903 | 01822 2889 25-1A 80°C vapor SAW




2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification (g/cc) time area loss rate number-rack
{hours) | (sq cm) [{e}] {umiy) number

EWD 003 Ti Grade 12 443 4298 2905 00433 5 86 25-1A 60°C vapor SAW
EWD 004 Ti Grade 12 443 4296 2919 | 00123 194 25-1B 60°C aqueous SAW
EWD 005 Ti Grade 12 4 43 4296 2899 | 00369 5 86 25-1B 60°C agueous SAW
EWD 006 Ti Grade 12 4 43 4296 2922 | 00384 605 25-1B 80°C agueous SAW
EWD 007 Ti Grade 12 443 8376 “ 2908 | 00001 001 25-2A 60°C vapor SAW
EWD 008 Ti Grade 12 4 43 8376 2899 |-00004| —003 25-2A 60°C vapor SAW
EWD 009 Ti Grade 12 443 8378 2908 | 00003 002 25-2A 80°C vapor SAW
EWD 010 Ti Grade 12 443 8376 2917 |~00004) -003 25-2B 80°C aquecus SAW
EwD 011 Ti Grade 12 443 8376 2911 |-00004| 003 25-28 60°C aqueous SAW
[EWD 012 Ti Grade 12 443 8376 2877 (00004 -003 25-2B 60°C aqueous SAW
EWD 031 Ti Grade 12 4 43 4296 2925 | 01630) 2565 25-18 £0°C water line SAW
EWD 032 Ti Grade 12 443 8376 2022 |-00005| —004 25-2B 80°C water line SAW
EWD 036 Ti Grade 12 4 43 4344 2909 | 00192 300 26-1B 90°C water line SAW
EWD 037 Ti Grade 12 443 8784 2878 |-00011| -009 26-2B 90°C water line SAW
EWD 041 Ti Grade 12 443 4344 2924 | 00211 Je8 26-1A 80°C vapor SAW
EWD 042 Ti Grade 12 443 | 4344 2916 | 00678| 1058 26-1A 90°C vapor SAW
EWD 043 Ti Grade 12 443 ﬂ4 2922 | 00468 729 26-1A 90°C vapor SAW
EWD 044 Ti Grade 12 443 4344 29 23 00237 369 26-1B 90°C aqueous SAW
EWD 045 Ti Grade 12 443 4344 2922 | 00178 277 26-1B 90°C aqueous SAW
EWD 045 Ti Grade 12 4 43 4344 2910 | 00240 375 26-18 90°C aqueous SAW
[EWD 047 Ti Grade 12 4 43 B784 2914 D002 -008 26-2A 90°C vapor SAW
EWD 048 Ti Grade 12 443 8784 29 21 0 0000 000 26-2A 90°C vapor SAW
EWD 049 Ti Grade 12 443 §784 2915 [-00006; 005 26-2A 90°C vapor SAW
EWD 050 H—, Grade 12 443 8784 2909 1-00028] 022 26-2B 90°C aqueous SAW
EWD 051 Ti Grade 12 443 8784 2867 1-00019| -015 26-2B 90°C aqueous SAW
EWD 052 Ti Grade 12 443 8784 2920 100020 -01t5 26-28B 90°C aqueous SAW
EWD 071 Ti Grade 12 443 4392 2895 | 00434 875 27-1A  |80°C vapor SCW
EWD 072 Ti Grade 12 443 4392 2913 | 00370 572 27-1A 60°C vapor SCW
EWD 073 Ti Grade 12 443 4392 29 19 00428 6 60 27-1A 60°C vapor SCW
EWD 074 Ti Grade 12 443 4392 2909 | 00325 503 2718 80°C agqueous SCW
EWD 075 Ti Grade 12 443 4392 2312 0 0489 7 56 27-18B 60°C agqueous SCW
EWD 076 Ti Grade 12 443 4392 2897 | 00371 577 27-18 60°C aqueous SCW
EWD 077 Ti Grade 12 4 43 8760 29 21 00003 002 27-2A 60°C vapor SCW
EWD 078 Ti Grade 12 443 8760 2914 |-00002]| -002 27-2A 60°C vapor SCW
EWD 079 Ti Grade 12 443 8760 2921 |-00002| -002 27-2A 60°C vapor SCW
EWD 080 Ti Grade 12 4 43 8760 2917 | Q0009 007 27-28 60°C agueous SCW
EWD 081 Ti Grade 12 443 8760 2210 | 00007 005 27-2B 60°C agueous SCW
EWD 082 Ti Grade 12 443 8760 29 11 00010 008 27-28 60°C aqueous SCW
EWD 101 Ti Grade 12 4 43 4392 2812 | 00445 6 88 27-18 60°C water line SCW
EWD 102 Ti Grade 12 443 8760 2912 | 00008 006 27-2B 60°C water line SCW




2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure] Surface | Weight | Corrosion Vessel Test environment

Identification (g/ce) time area loss rate number-rack
(hours) | (sqcm) {Q) (nmiy) number

EWD 106 Ti Grade 12 443 4464 2908 00815 12 41 28-1B 90°C water line SCW
EWD 111 Ti Grade 12 443 4464 2882 | 00316 486 28-1A 90°C vapor SCW
EWD 112 Ti Grade 12 443 4464 29 21 0 0411 623 28-1A 80°C vapor SCW
EWD 113 Ti Grade 12 443 4464 28 96 0 0244 373 28-1A 90°C vapor SCW
EWD 114 Ti Grade 12 443 4464 2895 | 00426 6 52 28-1B 90°C aqueous SCW
EWD 115 Ti Grade 12 443 4464 2871 02063 3184 28-1B 90°C agueocus SCW
EWD 116 Ti Grade 12 443 4464 29 11 00631 860 28-1B 90°C aquecus SCW
EWD 141 Ti Grade 12 443 4464 2904 | 00260 397 28-1A 60°C vapor SDW
EWD 142 Ti Grade 12 443 4464 2893 | 00617 945 29-1B 60°C aqueous SDW
EWD 151 Ti Grade 12 4 43 4464 2899 | 00399 610 29-1B 60°C water line SDW
EWD 164 Ti Grade 12 4 43 4392 2737 | 00331 544 30-1B 90°C water line SDW
EWD 168 Ti Grade 12 443 4392 2766 | 00338 550 30-1A 90°C vapor SDW
EWD 169 Ti Grade 12 443 4392 37 86 00386 4 59 30-18 90°C aqueous SDW
FWA 001 Ti Grade 16 452 4296 2727 | 00188 311 25-1A 60°C vapor SAW
FWA 002 Ti Grade 18 4 52 4296 2746 | 00222 365 25-1A 60°C vapor SAW
FWA 003 Ti Grade 16 452 4296 2735 | 00259 427 25-1A 60°C vapor SAW
FWA 004 Ti Grade 16 452 4296 2768 |-00001) 002 25-1B 60°C aqueous SAW
FWA 005 Ti Grade 16 452 4296 2725 | 00000 000 25-1B 80°C agueous SAW
FWA 006 Ti Grade 16 452 4296 2736 |-00002] 003 25-18 60°C agueous SAW
FWA 007 Ti Grade 16 452 8376 2768 |-00004| 003 25-2A 60°C vapor SAW
FWA 008 Ti Grade 16 452 8376 2768 (00002 002 25-2A 60°C vapor SAW
FWA 009 Ti Grade 16 4 52 8376 2762 |-00003| —003 25-2A 80°C vapor SAW
FWA 010 Ti Grade 16 4 52 8376 2743 |00002| 002 25-2B 80°C agueous SAW
FWA 011 Ti Grade 16 452 8376 27 44 |0 0003 -0 03 25-28B 60°C aqueous SAW
FWA 012 Ti Grade 16 452 8376 2696 |-00003| -003 25-28 60°C aqueous SAW
FWA 031 Ti Grade 16 4 52 4296 2768 | 00001 002 25-1A 80°C water line SAW
FWA 032 Ti Grade 16 452 8376 2735 |-00003| -003 25-2A 80°C water line SAW
FWA 036 Ti Grade 16 4 52 4344 2765 | 00166 268 26-1A 90°C water line SAW
FWA 037 Ti Grade 16 4 52 8784 2760 [00025| 020 26-2A 90°C water line SAW
FWA 041 Ti Grade 16 452 4344 27.58 00198 320 26-1A 90°C vapor SAW
FWA 042 Ti Grade 16 452 4344 27.50 00187 303 26-1A 90°C vapor SAW
FWA 043 Ti Grade 16 452 4344 2762 | 00223 360 26-1A 90°C vapor SAW
FWA 044 Ti Grade 16 452 4344 27 48 00143 232 26-1B 90°C agueous SAW
FWA 045 Ti Grade 18 452 4344 27 47 00148 240 26-18 90°C aqueous SAW
FWA 046 Ti Grade 16 452 4344 2758 | 00127 205 26-1B 90°C aqueous SAW
FWA 047 Ti Grade 16 4 52 8784 2760 |-00005; 004 26-2A 80°C vapor SAW
FWA 048 Ti Grade 16 452 8784 2756 |-00008; 005 26-2A g0°C vapor SAW
FWA 049 Ti Grade 16 4 52 8784 2763 |[-00004] -003 26-2A 90°C vapor SAW
FWA 050 Ti Grade 16 4 52 8784 2755 |00017] 014 26-28 90°C aqueous SAW
FWA 051 Ti Grade 16 4 52 8784 27.75 |[-00020| -0.18 26-28 90°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight [ Corrosion Vessel Test environment

Identification {g/cc} time area loss rate number-rack
{hours) | (sq cm} (g) {um/y) number ~

FWA 052 Ti Grade 16 452 8784 2764 | 000168 013 26-2B §0°C aqueous SAW
FWA 071 Ti Grade 16 4 52 4392 2770 | 00177 282 27-1A 60°C vapor SCW
FWA 072 Ti Grade 16 452 4392 2737 { 00310 500 27-1A 60°C vapar SCW
FWA 073 Ti Grade 16 452 4392 27 51 00196 314 27-1A 60°C vapor SCW
FWA 074 Ti Grade 16 452 4392 2777 | 00214 340 27-18 60°C agueous SCW
FWA Q75 Ti Grade 16 452 4392 2768 | Q047 234 27-18 60°C aqueous SCW
FWA 076 Ti Grade 16 452 4392 2673 00181 299 27-1B 60°C aqueous SCW
hl—;WA 077 Ti Grade 16 452 8760 2769 |-00007| -006 27-2A 80°C vapor SCW
FWA Q78 Ti Grade 18 452 8760 2765 | Q0000 ¢ Qo 27-2A 80°C vapar SCW
FWA 079 Ti Grade 16 4 52 8760 27968 |00004; 003 27-2A 50°C vapor SCW
FWA 080 Ti Grade 16 452 8760 2776 [-00002| 002 27-2B 60°C aqueous SCW
FWA 081 Ti Grade 18 452 8760 27 71 00002 002 27-28 60°C agueous SCW
FWA 082 T Grade 16 452 8760 2753 0 0002 002 27-28B 80°C agueous SCW
FWA 101 Ti Grade 16 452 4392 2776 00238 378 27-1A B0°C water line SCW
FWA 102 Ti Grade 18 452 8760 27 66 27-2A 60°C water line SCW
FWA 106 Ti Grade 18 452 4464 27 80 00241 376 28-1A 90°C water line SCW
FWA 111 Ti Grade 18 452 4464 27 80 00290 453 28-1A 90°C vapor SCW
FWA 112 Ti Grade 16 4 52 4464 27 63 00840| 1006 28-1A 90°C vapor SCW
FWA 113 Ti Grade 16 4 52 4464 27 59 00295 464 28-1A 90°C vapor SCW
FWA 114 Ti Grade 16 452 4464 27 48 0 0361 571 28-1B 90°C aqueous SCW
FWA 115 Ti Grade 16 452 4464 27 53 00314 495 28-18 80°C aqueous SCW
FWA 116 Ti Grade 16 452 4484 27 64 00343 5324 28-1B 80°C agueous SCW
FWA 141 Ti Grade 18 4 52 4464 27 81 0 0240 389 29-1A 80°C vapor SDW
FWA 142 Ti Grade 16 4 52 4464 27 63 0 0238 374 29-1B 60°C aqueous SDW
FWA 151 Ti Grade 16 452 4464 27 72 Q 0808 952 29-1A 60°C water fine SOW
FWA 164 | Ti Grade 18 452 4392 2744 | 00262 421 30-1A 90°C water line SDW
FWA 168 Ti Grade 16 452 43892 27 24 00245 BEJr 30-1A 90°C vapor SDW
FWA 169 Ti Grade 18 452 4392 2744 | 00236 379 30-1B 90°C aqueous SOW
FWE 001 Ti Grade 16 452 4296 2742 | 00362 B 596 25-1A  |60°C vapor SAW
FWE 002 Ti Grade 16 4 52 4296 2762 ; 00425 6 94 25-1A 60°C vapor SAW
FWE 003 Ti Grade 18 452 4296 2813 | 00322 518 25-1A  |60°C vapor SAW
FWE 004 Ti Grade 16 452 4296 28 10 00110 177 25-1B 60°C agueous SAW
FWE 005 Ti Grade 16 452 4296 27 93 0 0099 160 25-1B 80°C aqueous SAW
FWE 006 Ti Grade 16 452 4296 28 01 00128 206 25-1B 60°C aqueous SAW
FWE 007 Ti Grade 16 452 8376 2806 |~00003| 002 25-2A 60°C vapor SAW
FWE 008 Ti Grade 16 4 52 8376 2820 |-DoODO7] -006 25-2A 60°C vapor SAW
FWE 009 Ti Grade 16 452 8376 2802 |-00006| —005 25-2A 60°C vapor SAW
FWE 010 Ti Grade 16 4 52 8376 2814 100004 -003 25-28 60°C agueous SAW
FWE 011 Tt Grade 16 452 8376 2791 |-00006] -005 25-28 80°C aqueous SAW
FWE 012 Ti Grade 16 452 8376 2804 [-00005] (004 25-2B 60°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
{hours) | {sqcm) {q) (um/y) number

FWE 031 Ti Grade 16 452 4296 2784 | 00008 013 25-1B 60°C water line SAW
FWE 032 Ti Grade 16 452 8376 2763 |-00007| 0086 25-28 60°C water line SAW
FWE 036 Ti Grade 16 452 4344 2806 | 00181 288 26-1B 90°C water line SAW
FWE 037 Tt Grade 16 452 8784 2754 |-00027) D22 26-28 90°C waler line SAW
FWE 041 Ti Grade 16 452 4344 2789 | 00212 339 26-1A 90°C vapor SAW
FWE 042 Ti Grade 16 452 4344 2774 | 00331 532 26-1A 90°C vapor SAW
FWE 043 Ti Grade 16 452 4344 27 98 00204 325 26-1A 90°C vapor SAW
FWE 044 Ti Grade 16 452 4344 2801 |-00011| -018 26-1B 90°C aqueous SAW
FWE 045 Ti Grade 16 452 4344 28 01 00110 175 26-1B 80°C aqueous SAW
FWE 046 Ti Grade 16 4 52 4344 2779 | 00111 178 26-1B 90°C aqueous SAW
FWE 047 Ti Grade 16 452 8784 27 49 0 0009 007 26-2A 90°C vapor SAW
FWE 048 Ti Grade 16 452 8784 2799 |-00006] 005 26-2A 90°C vapor SAW
FWE 049 Ti Grade 16 4 52 8784 2788 |-00002; -002 26-2A 90°C vapor SAW
FWE 050 Ti Grade 16 452 8784 2809 |-00016} 013 26-2B 90°C aqueous SAW
FWE 051 Ti Grade 16 452 8784 2773 {00018 014 26-2B 90°C aqueous SAW
FWE 052 Ti Grade 16 452 8784 2777 |-00021 017 26-2B 90°C aqueous SAW
FWE 071 Ti Grade 16 452 4392 2773 0 0201 320 27-1A 686°C vapor SCW
FWE 072 Ti Grade 16 452 4392 27 9N 00218 342 27-1A 60°C vapor SCW
FWE 073 Ti Grade 16 452 4392 27 66 00311 496 27-1A 60°C vapor SCW
FWE 074 Ti Grade 16 452 4392 2815 | 00240 376 27-1B 60°C aqueous SCW
FWE 075 Ti Grade 16 452 4392 2799 | 00214 337 27-1B 60°C aqueous SCW
FWE 076 Ti Grade 16 452 4392 27 51 00187 300 27-1B 60°C aqueous SCW
FWE 077 Ti Grade 16 452 8760 27 68 27-2A 60°C vapor SCW
FWE 078 Ti Grade 16 452 8760 2805 |-00007 - 06 27-2A B60°C vapor SCW
FWE 079 Ti Grade 16 4 52 8760 2794 | 00001 col 27-2A 60°C vapor SCW
FWE 080 Ti Grade 16 452 8760 2799 | 00001 o 27-2B 60°C aqueous SCW
FWE 081 Ti Grade 16 452 8760 2816 | 00003 002 27-2B 60°C agueous SCW
FWE 082 Ti Grade 16 4 52 8760 27 85 0 0009 007 27-2B 60°C agueous SCW
FWE 101 Ti Grade 16 452 4302 2772 0 0299 476 27-1B 60°C water line SCW
FWE 102 Ti Grade 16 452 8760 27985 | 00010 008 27-2B 80°C water line SCW
FWE 106 Ti Grade 16 452 4484 2749 | 00294 464 28-1B 90°C water line SCW
FWE 111 Ti Grade 16 452 4464 28 21 0 0292 449 28-1A 90°C vapor SCW
FWE 112 Ti Grade 16 452 4464 27 85 00192 299 28-1A 90°C vapor SCW
FWE 113 Ti Grade 16 4 52 44584 28 11 0 0289 4 46 28-1A 90°C vapor SCW
FWE 114 Ti Grade 16 452 4464 2803 | 00328 505 28-1B 90°C aqueous SCW
FWE 115 Ti Grade 16 4.52 44864 2774 | 00831 13 01 28-18 90°C aqueous SCW
FWE 116 Ti Grade 16 4 52 4464 2800 | 00362 5861 28-1B 90°C aqueous SCW
FWE 141 Ti Grade 16 452 4464 27 67 00158 248 28-1A 60°C vapor SDW
FWE 142 Ti Grade 16 452 4464 2757 | 00267 420 29-1B 60°C aqueous SDW
FWE 151 Ti Grade 16 452 4464 2787 | 00271 422 29-1B 60°C water line SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight jCorrosion Vessel Test environment

identification {a/cc) time area rate number-rack
(hours) | {sq cm) {um/y) number

FWE 164 Ti Grade 16 4 52 4392 27 38 0 05—53_ _;4 08 30-1B 90°C water line SDW
FWE 168 Ti Grade 16 4 52 4392 27 60 077 283 30-1A 90°C vapor SDW
FWE 169 Ti Grade 16 4 52 4392 2757 | 00472 755 30-1B 90°C aqueous SDW
GWA 001 Monel 400 8 80 4536 2843 | 00061 047 19-1A  |60°C vapor SAW
GWA 002 Monel 400 8 80 4536 2820 | 00117 09 18-1A 80°C vapor SAW
GWA 003 Monel 400 880 4536 2839 | 00153 118 19-1A 60°C vapor SAW
GWA 004 Maonel 400 880 4536 28 40 14796¢ 11433 19-1B 60°C aqueous SAW
GWA 005 Monel 400 8 80 4536 27 93_1 14297 | 11233 19-18 60°C agueous SAW
GWA 006 Monel 400 880 4536 28 38 15462 | 11957 19-1B 80°C agueous SAW
GWA 007 Monel 400 880 8760 2804 | 00110 045 19-2A 60°C vapor SAW
GWA 008 Monel 400 880 8760 2798 | 00118 048 19-2A 60°C vapor SAW
GWA 009 Monet 400 880 8760 2843 | 00108 043 19-2A 60°C vapor SAW
GWA 010 Manel 400 880 8760 28 53 16761 66 76 19-28B 60°C aqueous SAW
GWA 011 Monel 400 880 8760 28 51 1 8655 £6 39 19-2B £0°C agueous SAW
GWA 012 Monei 400 880 8760 27 99 16915| 6868 19-28 60°C aqueous SAW
GWA 031 Monel 400 8 80 4536 2771 10818 8569 19-1A 80°C water line SAW
GWA 032 Monel 400 8 80 8760 2775 13017 - 5330 19-2A 60°C water line SAW
GWA 036 Monel 400 8 80 4392 2802 | 07423] 6005 18-1A §0°C water line SAW
GWA 037 Monel 400 880 8760 2793 | 08876 3611 18-2A 90°C water line SAW
GWA 0441 Monel 400 8 80 4392 2875 | 00487 384 18-1A 20°C vapor SAW
GWA 042 Monel 400 8 80 4392 2873 0 0588 448 18-1A 90°C vapor SAW
GWA 043 Monel 400 8 80 4392 2794 | 00522 423 18-1A 80°C vapor SAW
GWA 044 Monel 400 880 4392 2867 | 09861| 7786 18-1B 90°G aqueous SAW
GWA 045 Monel 400 880 4392 27 60 10208| 8384 18-1B 90°C agueous SAW
GWA 046 Monel 400 880 4392 28 37 10802 86 29 18-1B 90°C aqueous SAW
GWA 047 mel 400 880 8760 2842 | (0491 196 18-2A 90°C vapor SAW
GWA 048 Monel 400 880 8760 2826 | 00504 203 18-2A 90°C vapor SAW
GWA 049 Monel 400 880 8760 27 91 0 0580 238 18-2A 90°C vapor SAW
GWA 050 Monel 400 8 80 8760 28 61 11329 4500 18-28 90°C aqueous SAW
GWA 051 Monet 400 880 8780 2784 | 11457 4676 18-2B 90°C aqueous SAW
GWA 052 Mone! 400 880 8760 2866 | 11759] 46863 18-2B 90°C agueous SAW
GWF 001 Monel 400 880 4536 2717 00107 086 19-1A 60°C vapor SAW
GWF 002 Monet 400 8 80 4536 2777 | 00143 113 19-1A 60°C vapor SAW
GWF 003 Monel 400 880 4536 2777 | 00129 102 18-1A 80°C vapor SAW
GWF 004 Maonel 400 8 80 4536 27 53 147211 117 34 19-1B 60°C aqueous SAW
GWF 005 Monel 400 880 4536 27 49 15264 12187 19-18 680°C aguecus SAW
GWF 008 Monel 400 880 4536 27 18 15832 12784 19-18 60°C aqueous SAW
GWF 007 Mone! 400 880 8760 2729 | 060185 077 19-2A 60°C vapor SAW
GWF 008 Manel 400 8 80 8760 2780 | 00337 138 19-2A  |60°C vapar SAW
GWF 009 Monel 400 8 80 8760 2776 | 00319 131 19-2A 60°C vapor SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure| Surface { Welght | Corrasion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) | {sq cm) (g) (nm/y) mimber

GWF 010 Mone! 400 8 80 87?36 27 85 15732 6419 19-28 60°C aqueous SAW
GWF 011 Manel 400 8 80 8760 2738 | 15294| 86347 19-28 60°C aqueous SAW
GWF 012 Monel 400 8 80 8760 2716 | 15800| 6526 19-2B 60°C agueous SAW
GWF 031 Monetl 400 8 80 4536 2712 | 10988( 8897 18-1A 60°C water line SAW
GWF 032 Monel 400 8 80 8760 27 97 13393 5442 19-2A 60°C water line SAW
GWF 036 Monel 400 880 4392 2695 | 06858 | 5768 18-1A 90°C water line SAW
GWF 037 Manel 400 8180 8760 27 38 09458 | 3926 18-2A 90°C water line SAW
GWF 041 Monel 400 8 80 4392 2764 | 00480 394 18-1A 90°C vapor SAW
GWEF 042 Monel 400 880 4392 2749 | 00518 427 18-1A 80°C vapor SAW
GWF 043 Manel 400 880 4392 2769 | 00424 347 18-1A 90°C vapor SAW
GWF 044 Monel 400 880 4392 26 87 10116| 8533 18-1B 90°C aqueous SAW
GWF 045 Monel 400 8 80 4392 27 40 10926 9038 18-1B 90°C aqueous SAW
GWF 046 Monel 400 8 80 4392 27 27 11571 96 15 18-1B 90°C aqueous SAW
GWF 047 Mone! 400 8 80 8760 2729 | 00560 233 18-2A 90°C vapor SAW
GWF 048 Monel 400 8 80 B760 2690 | 00460 194 18-2A 90°C vapor SAW
GWF 049 Monel 400 880 8760 27 30 0 0526 2198 18-2A 90°C vapor SAW
GWF 050 Monel 400 8 80 8760 2765 | 11954 4914 18-2B 90°C aqueous SAW
GWF 051 Monel 400 8 80 8760 27 66 12342 5070 18-2B 90°C agueous SAW
GWF 052 Monel 400 8 80 8760 2727 | 12662 52235 18-2B 90°C aqueous SAW
HWA 001 CDA 715 894 4536 27 51 00402 316 19-1A 60°C vapor SAW
HWA 002 CDA 715 894 4536 2758 | 00543 425 19-1A 80°C vapor SAW
HWA 003 CDA 715 894 4536 2822 | 00618 473 19-1A 80°C vapor SAW
HWA 004 CDA 715 894 4536 27 84 32743 254 02 19-1B 60°C aqueous SAW
HWA 0G5 CDA 715 8 94 4536 2787 | 34426 26683 19-1B 60°C agueous SAW
HWA 006 CDA 715 8 94 4536 27 91 37580 28090 19-1B 60°C aqueous SAW
HWA 007 CDA 715 8 94 8760 27 71 00814 329 19-2A 80°C vapar SAW
HWA 008 CDA 715 8 94 8760 2780 | 00895 360 18-2A 60°C vapor SAW
HWA 009 CDA 715 894 8760 2777 | 00993 400 19-2A 80°C vapor SAW
HWA 010 CDA 715 894 8760 2799 | 33825( 13518 19-2B 60°C aqueous SAW
HWA 011 CDA 715 8 94 8760 2733 | 33421 | 13677 19-2B 60°C aqueous SAW
HWA 012 CDA 715 894 8760 2757 | 35737 | 14497 19-28B 60°C aqueous SAW
HWA 031 CDA 715 894 4536 2748 | 47230| 37132 19-1A 60°C water line SAW
HWA 032 CDA 715 894 8760 2765 | 54566| 22073 19-2A 80°C water line SAW
HWA 036 CDA 715 894 4392 2779 | 35809 28750 18-1A 90°C water line SAW
HWA 037 CDA 715 8 94 8760 2795 | 61186| 24487 18-2A 90°C water line SAW
HWA 041 CDA 715 8 94 4392 2779 02227 17 88 18-1A 90°C vapor SAW
HWA 042 CDA 715 894 4392 2764 | 01531 12 36 18-1A 90°C vapor SAW
HWA 043 CDA 715 894 4392 2772 01116 898 18-1A 90°C vapor SAW
HWA 044 CDA 715 894 4392 2826 | 32813| 25803 18-1B 90°C aqueous SAW
HWA 045 CDA 715 894 4392 2798 | 32059| 25562 18-1B 90°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight { Corrosion Vessel Test environment

Identification (g/icc) | time area loss rate | number-rack
{hours) | (sqem)| (g) {um/y) number

HWA 048 CDA 715 8 94 4392 27.43 | 3.6026) 23246 18-1B  190°C aqueous SAW
HWA 047 CDA 715 894 8760 2786 | 03061 1229 18-2A 90°C vapor SAW
HWA 048 CDA 715 894 8760 2794 | 02586| 1035 |  18-2A 90°C vapor SAW
HWA 049 CDA 715 894 8760 28622 | 01936 7 67 18-2A  190°C vapor SAW
HWA 050 CDA 715 894 8760 2812 | 42i82| 18779 18-2B 90°C aqueous SAW
HWA 051 CDA 715 894 8760 2778 | 60110| 24205 18-2B 90°C agueous SAW
HWA 052 CDA 715 §24 8760 2754 | 38218( 15524 18-2B 80°C aqueous SAW
LJ-LNG 001 CDA 715 8 94 4536 26 81 0 0435 350 19-1A 60°C vapor SAW
HWG 002 CDA 715 894 4536 2689 | 00484 389 19-1A 60°C vapor SAW
HWG 003 CDA 715 894 4536 2688 | 00660 530 B 19-1A  [B0°C vapor SAW
HWG 004 CDA 715 8 94 4536 2674 | 25337 20466 19-1B 60°C aqueous SAW
HWG 005 CDA 715 894 45386 26 66 27715 22456 19-1B 80°C agueous SAW
HWG 008 CDA 715 894 4538 2653 | 31442 25599 19-1B  (60°C aqueous SAW
HWG 007 CDA 715 B 94 8760 2672 | 00562 235 19-2A  |60°C vapor SAW
HWG 008 CDA 715 B g4 8760 2674 | 00939 393 19-2A  |60°C vapor SAW
HWG 009 CDA 715 894 8760 26 81 0 1004 419 18-2A 60°C vapor SAW
HWG 010 CDA 715 894 8760 2656 | 26060 10974 19-2B  |60°C agueous SAW
HWG 011 CDA 715 834 8760 2683 | 27953 11654 19-28 60°C aqueous SAW
HWG 012 CDA 715 894 8760 2673 | 30822 12813 19-28 60°C aguaous SAW
HWG 031 CDA 715 8 94 4536 2683 | 53929 43428 19-1A  |60°C water line SAW
HWG 032 CDA 715 894 8760 2689 | 50582| 21041 19-2A  {60°C water line SAW
HWG 036 CDA 715 894 4392 2683 | 33935| 28214 18-1A  [90°C water line SAW
HWG 037 CDA 715 8 94 8760 2677 | 47068| 19668 18-2A  |90°C water line SAW
HWG 041 CDA 715 894 4392 2682 | 01346 1120 18-1A 90°C vapor SAW |
HWG 042 CDA 715 894 | 4392 2692 | 01047 368 18-1A 80°C vapor SAW
HWG 043 CDA 715 8 94 4392 2682 | 00853 793 18-1A  190°C vapor SAW
HWG 044 CDA 715 8 94 4392 2675 | 34887| 29097 18-1B 80°C aqueous SAW
HWG 045 CDA 715 894 4392 26 91 36809 30521 18-1B 90°C aqueous SAW
HWG 046 GDA 715 894 4392 2684 | 37686( 31324 18-18 90°C agueous SAW
HWG 047 CDA 715 B 94 B760 2689 | D269 1121 18-2A  |90°C vapor SAW
HWG 048 CDA 715 8 94 8760 26 61 0 2005 § 43 18-2A  [90°C vapor SAW
HWG 049 CDA 715 894 8760 2635 | 01964 834 18-2A  |90°C vapor SAW
HWG 050 CDA 715 894 8760 2678 | 52821] 220862 18-2B  190°C agueous SAW
HWG 051 CDA 715 894 8760 2684 | 54112 22550 18-2B 90°C agueous SAW
HWG 052 CDA 715 B84 8760 2679 | 54941 22943 18-2B 90°C aquecus SAW
WA 001 A387 Grade 22 786 4536 28068 | 02073 177%6 23-1A  |60°C vapor SDW
WA 002 A387 Grade 22 7 86 4536 2886 | 02647 2254 23-1A  |60°C vapor SDW
IWA 003 A387 Grade 22 7 86 4536 2918 | 05066 4265 23-1A 60°C vapor SDW
WA Q04 A387 Grade 22 786 4536 2843 | 05857 5062 23-18  |60°C aqueous SDW
WA 005 A387 Grade 22 7 86 4536 2002 | 02817 2385 23-1B 60°C aqueous SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density} Exposure | Surface | Weight | Corrosion Vessel Test environment

identification (g/ce) time area loss rate number-rack
(hours) [ (sq cm) (g) (umiy) number

IWA 006 A387 Grade 22 786 4536 29 03 14452 12230 23-1B 60°C aqueous SDW
WA 007 A387 Grade 22 7 86 8760 2905 | 02910| 1274 23-2A 60°C vapor SDW
IWA 008 A387 Grade 22 7 86 8760 2852 | 03327 1484 23-2A 60°C vapor SDW
WA 009 A3B7 Grade 22 7 86 8760 2895 | 06269 2751 23-2A 60°C vapor SDW
IWA 010 A387 Grade 22 7 86 8760 2854 | 20178 8995 23-28 80°C aqueous SDW
IWA 011 A387 Grade 22 7 86 8760 2830 | 22737| 10223 23-2B 60°C aqueous SDW
IWA 012 A387 Grade 22 7 86 8760 28 95 27486 | 12079 23-28 60°C aqueous SDW
IWA 031 A387 Grade 22 786 4536 29 M 16293 | 13802 23-1A 80°C water line SDW
IWA 032 A387 Grade 22 7.86 8760 2897 | 36390| 15884 23-2A 60°C water line SDW
IWA 036 A387 Grade 22 7 86 4632 28 87 248821 207 41 22-1A 90°C water line SDW
1WA Q37 A387 Grade 22 7 86 8832 28 97 38451 167 51 22-2A 90°C water line SDW
WA 041 A387 Grade 22 7 86 4632 2886 | 05304 4422 22-1A 9G°C vapor SDW
IWa 042 A387 Grade 22 786 4632 2888 | 05403 4502 22-1A 90°C vapor SDW
WA 043 A387 Grade 22 786 4632 2894 | 04968 4131 22-1A 90°C vapor SDW
IWA 044 A387 Grade 22 7 86 4632 28 80 13652 11408 22-1B 90°C agueous SDW
IWA 045 A387 Grade 22 7 86 4632 28 69 129859 10868 22-18 90°C aqueous SDW
IWA 046 A387 Grade 22 7 86 4632 2879 09445 78 94 22-1B 90°C aqueous SDW
WA 047 A387 Grade 22 7 86 8832 28 81 08075, 3538 22-24 90°C vapor SDW
WA 048 A387 Grade 22 7 86 8832 28 96 08414 36 67 22-2A 90°C vapor SDW
IWA 049 A387 Grade 22 7 86 8832 2908 | 09785| 4246 22-24 90°C vapor SDW
IWA 050 A387 Grade 22 7 86 8832 28 92 17311 7554 22-2B 90°C aqueous SDW
IWA 051 A387 Grade 22 7 86 8832 28 96 18040 7859 22-2B 90°C aqueous SDW
1WA 052 A387 Grade 22 7 86 8832 28 87 1 8432 80 56 22-28 90°C agueous SDW
1WA 071 A387 Grade 22 7 86 4392 27 26 0 9572 8310 21-1A 60°C vapor SCW
IWA (072 A387 Grade 22 7 86 4392 28 96 156336 | 13436 21-1A 80°C vapor SCW
WA 073 A387 Grade 22 7.86 4392 2905 19986 | 17456 21-1A 60°C vapor SCW
IWA 074 A387 Grade 22 7 86 4392 2007 | 02220 1938 21-1B 60°C aqueous SCW
IWA Q75 A387 Grade 22 7 88 4392 28 77 01779 15 69 21-1B 60°C aqueous SCW
IWA 076 A387 Grade 22 7 86 4392 28 91 02982 2617 21-1B 80°C aqueous SCW
IWA 077 A387 Grade 22 786 8760 29 06 16731 £8 87 21-2A 80°C vapor SCW
IWA 078 A387 Grade 22 7 86 8760 2896 | 31742| 13942 21-2A 60°C vapor SCW
IWA 079 A387 Grade 22 7 86 8760 2877 | 40826} 18052 21-2A 60°C vapor SCW
IWA 080 A387 Grade 22 7 88 B760 2875 | 01890 7 48 21-28 60°C aqueous SCW
IWA 081 A387 Grade 22 7 86 8760 2855 | 01672 745 21-28 60°C aqueous SCW
IWA 082 A387 Grade 22 7 86 8760 2730 | 01270 592 21-2B 60°C aqueous SCW
IWA 101 A387 Grade 22 7 86 4392 28 B0 18391 | 16202 21-1A 60°C water line SCW
IWA 102 A387 Grade 22 7 86 8760 2871 33904 | 15023 21-2A 80°C water line SCW
IWA 106 A387 Grade 22 7 86 4344 2908 | 068B45| 6039 20-1A 90°C water line SCW
WA 107 A387 Grade 22 7 86 8736 2884 | 26919| 11908 20-2A 90°C water line SCW
WA 111 A387 Grade 22 7.86 4344 2871 10126 9049 20-1A 90°C vapor SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure] Surface | Weight | Corrosion VYessel Test environment

identification {g/ce) time area loss raie number-rack
(hours} [ (sq cm) (q) {Hmiy) number

WA 112 A387 Grade 22 786 4344 29 1 13432] 11880 20-1A 94°C vapar SCW
IWA 113 A387 Grade 22 7 86 4344 2910 | 20452| 18031 20-1A 90°C vapor SCW
IWA 114 A387 Grade 22 7 86 4344 2895 | 01481 1312 20-18 90°C aqueous SCW
WA 115 A387 Grade 22 786 4344 2884 | 01323 1177 20-1B 90°C aquecus SCW
IWA 116 A387 Grade 22 7 86 4344 2B75 01594 14 23 N 20-1B 80°C aqueous SCL
1WA 117 A387 Grade 22 7 86 8736 2882 | 56546| 25033 20-2A 90°C vapor SCW
WA 118 A387 Grade 22 7 86 8736 2874 | 82820 36759 20-2A 80°C vapor SCW
IWA 119 A387 Grade 22 7 86 8736 2888 | 69939 30892 20-2A  |90°C vapor SCW
IWA 120 A387 Grade 22 786 8736 28 81 01424 63 20-2B 90°C aqueous SCW
WA 121 A387 Grade 22 786 8736 27.46 | 01594 74 20-28 80°C aqueous SCW
WA 122 AB87 Grade 22 7 86 8736 2884 | 01789 783 20-2B 90°C aqueous SCW
IWH 001 A387 Grade 22 7 86 4536 2912 | 02385| 2012 23-1A 80°C vapor SDW
IWH 002 A387 Grade 22 786 4536 2794 | 03676| 3233 23-1A 60°C vapor SOW
iwH 003 A387 Grade 22 786 4536 2937 | 06853 5734 23-1A 80°C vapor SDW
IWH 004 A387 Grade 22 7 86 4536 2910 | 04067 3434 23-1B 60°C aqueous SDW
IWH 005 A387 Grade 22 786 4536 2905 | 03822 3064 23-1B 60°C aqueous SDW
IWH 008 Ad87 Grade 22 7 86 4536 2018 | 04538; 3321 23-1B 60°C aqueous SDW
IwWH 007 A387 Grade 22 7 86 8760 2924 | 04200] 1827 23-2A 60°C vapor SDW
IWH 008 A387 Grade 22 7 86 8760 2915 055901 2440 23-2A 60°C vapor SDW
PAH 009 A387 Grade 22 7 86 8760 28 94 | 08521 37 46 23-2A 60°C vapor SDW
WH 010 A387 Grade 22 786 8760 29 11 261317 11420 23-2B 60°C aqueous SDW
IWH 011 A387 Grade 22 786 8760 2878 24676 10908 2328 60°C aqueous SDW
IWH 012 A387 Grade 22 788 8760 2017 | 04248 1853 |  23-28 60°C agueous SDW
"WH 031 A387 Grade 22 7 86 4536 28 99 16319 13831 23-1A 80°C water line SDW
IWH 082 A387 Grade 22 7 86 8760 2928 | 35821| 15567 23-2A 80°C water line SDW
IWH 036 A387 Grade 22 7 86 4632 2804 | 25592 21958 22-1A 90°C water line SOW
IWH 037 A387 Grade 22 7 86 | 8832 2886 | 37071 16212 20-2A 90°C water iine SDW
IWH 041 A387 Grade 22 7 86 4632 29 11 06336 5237 22-1A 90°C vapor SDW
tWH 042 A387 Grade 22 786 4632 2923 06235 5133 22-1A 90°C vapar SOW
|IWH 043 A387 Grade 22 7 88 4632 2016 | 06283 5185 22-1A 90°C vapor SDW
IWH 044 A387 Grade 22 786 4632 29 21 138041 11372 22-1B 90°C aquecus SDW
IWH 045 A387 Grade 22 7 86 4632 29 18 12912 106 46 22-1B 90°C aqueous SDW
IWH 046 A287 Grade 22 786 4632 29 06 15030 124 44 22-1B 90°C agueous SDW
IWH 047 A387 Grade 22 786 8832 2900 11770 5121 22-2A 90°C vapor SDW
IWH 048 A387 Grade 22 7 86 8832 2504 | 09553 4151 22-2A 90°C vapor SDW
WH 043 A38B7 Grade 22 7 86 8832 2843 | 09245 4104 22-2A 90°C vapor SDW
IWH 050 A387 Grade 22 7 86 8832 28 96 17169 7480 22-2B 90°C aqueous SDW
IWH 051 A387 Grade 22 7 86 8832 2907 | 20195 8766 22-28 90°C aqueous SDW
IWH 052 A387 Grade 22 786 8832 2917 | 18894! 7307 22-28 90°C aqueous SDW
IWH 071 A387 Grade 22 7 86 4392 29 21 124341 10802 21-1A 60°C vapor SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
{hours) | (sq cm) {g) (rm/y) number ~

WHO72  |A387 Grade22 | 786 | 4392 | 2918 | 13570] 11802 211A  [60°C vapor SCW
IWH 073 A387 Grade 22 7 86 4392 2919 191431 16645 21-1A 60°C vapor SCW
IWH 074 A387 Grade 22 7 86 4392 2912 03411 2972 21-1B 60°C aqueous SCW
IWH 075 A387 Grade 22 7 86 4392 2926 | 03521 30 54 21-18 60°C aqueous SCW
IWH 076 A387 Grade 22 7 86 4392 2017 | 030251 2631 21-1B 60°C aqueous SCW
iWH 077 A387 Grade 22 7 86 8760 2513 | 281721 12303 21-2A 60°C vapor SCW
IWH 078 A387 Grade 22 7 86 8760 2933 | 36720 15931 21-2A 80°C vapor SCW
IWH 079 A387 Grade 22 7 86 8760 2912 | 357583 156821 21-2A 60°C vapor SCW
IWH 080 A387 Grade 22 7 86 8760 2794 | 01572 716 21-2B 80°C aqueous SCW
IWH 081 A387 Grade 22 786 8760 29 46 014486 6 25 21-2B 60°C aqueous SCW
IWH 082 A387 Grade 22 7 86 8760 2005 | 01588 695 21-2B 60°C agueous SCW
IWH 101 A387 Grade 22 7 86 4392 2914 20023 17436 21-1A 80°C water line SCW
(WH 102 A387 Grade 22 7 86 8760 2884 | 27097 | 11953 21-2A 60°C water line SCW
tWH 106 A387 Grade 22 7 86 4344 2903 12430! 10985 20-1A 90°C water ling SCW
IWH 107 A387 Grade 22 7 86 8738 28 91 17789 7850 20-2A 80°C water line SCW
IWH 111 A387 Grade 22 7 86 4344 2912 | 25059 22076 20-1A 90°C vapor SCW
IWH 112 A387 Grade 22 7 86 4344 2900 | 50985| 451 11 20-1A 90°C vapor SCW
IWH 113 A387 Grade 22 786 4344 2914 | 05900 5194 20-1A  )90°C vapor SCW
IwH 114 A387 Grade 22 7 86 4344 2929 | 01525 13386 20-1B 90°C aqueous SCW
IWH 115 A387 Grade 22 7 86 4344 2912 | 01873 1474 20-1B 90°C aqueous SCW
IWH 116 A387 Grade 22 7 86 4344 2904 0 1841 16 27 20-1B 90°C aquecus SCW
IWH 117 A387 Grade 22 7 88 8736 2896 | 53066| 23379 20-2A 90°C vapor SCW
IWH 118 A387 Grade 22 7 86 8736 2916 | 93283| 40797 20-2A 90°C vapor SCW
IWH 119 A387 Grade 22 7 86 8736 2931 |139834| 60857 20-2A 90°C vapor SCW
IWH 120 A387 Grade 22 7 86 8736 2904 | 00718 315 20-2B 80°C aqueous SCW
IWH 121 A387 Grade 22 7 86 8736 2917 | 00735 321 20-28 80°C aqueous SCW
IWH 122 A387 Grade 22 7 86 8736 2904 00872 295 20-2B 90°C aqueous SCW
JWA 001 AS516 Grade 55 7 86 4536 2870 | 03233 2768 23-1A 60°C vapor SDW
JWA 002 AB16 Grade 55 7 86 4536 2886 | 02539 2162 23-1A 60°C vapor SDW
JWA 003 AL16 Grade 55 7 86 4536 2866 | 04892 4194 23-1A 60°C vapor SDW
JWA 004 A516 Grade 55 7 86 4536 2840 | 11877 10101 23-1B 60°C aqueous SDW
JWA 005 A516 Grade 55 7 86 4536 28 32 12497 | 10843 23-1B 80°C aqueous SDW
JWA 006 A516 Grade 55 7 86 4536 28 81 12349 | 10533 23-1B 60°C aqueous SDW
JWA 007 A516 Grade 55 7 86 8760 2870 | 04950| 2194 23-2A 80°C vapor SDW
JWA 008 A516 Grade 55 7 86 8760 2849 | 05526| 2467 23-2A 80°C vapor SDW
JWA 009 A516 Grade 55 7 86 8760 2813 | 08404 3800 23-2A 60°C vapor SDW
JWA 010 A516 Grade 55 7 86 8760 2879 | 18102 80Q0 23-2B 80°C aqueous SDW
JWA 011 A516 Grade 55 7 86 8760 2866 | 15038| 6675 23-2B 80°C aqueous SDW
JWA 012 A516 Grade 55 7 86 8760 28 61 17382 77 31 23-2B 60°C agueous SDW
JWA 031 AS516 Grade 55 7 86 4536 2919 | 26075| 21946 23-1A 60°C water line SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessal Test environment

identification {g/ce) time area ioss rate number-rack
(hours) | (sq cm) {g) {nm/y) number

JWA032  |AS16Grade55 | 786 | 8760 | 2839 | 37620] 16861 23-2A  |B0°C water line SDW
JWA 036 A516 Grade 55 7 86 4632 2777 24751 21442 22-1A 80°C water line SDW
’IWA 037 A516 Grade 55 7 86 8832 28 50 19016 8419 22-2A 90°C water linge SOW
JWA 041 A516 Grade 55 786 4632 2884 | 08489 7083 22-1A 80°C vapor SDW
JWA 042 A516 Grade 55 7 86 4632 2857 | 07100, 5878 22-1A 90°C vapor SDW
JWA 043 A516 Grade 55 7 86 4632 2836 | 07533 6391 221A 90°C vapor SDW
JWA 044 A516 Grade 55 7 86 4632 2908 10797| 8941 22-1B 90°C aqueous SDW
JWA 045 A516 Grade 55 7 88 4632 2840 | 08133) 6890 22-1B 90°C aqueous SDW
JWA 046 A516 Grade 55 7 86 4632 29 48 10294 8402 22-1B 90°C aqueous SDW
JWA 047 A516 Grade 55 788 8g3z2 2771 10232 48 59 22-2A 90°C vapor SOW
JWA 048 A516 Grade 55 7 86 8832 2518 10397) 4495 22-2A 90°C vapor SDW
JWA 049 A516 Grade 55 786 8832 29 06 10305| 4475 22-2A 90°C vapor SDW
JWA 050 AB18 Grade 55 7 88 8832 28.86 | 09982| 4365 22-28 90°C aqueaus SDW
JWA 051 AB516 Grade 55 7 86 8832 2872 10286 4519 22-2B 90°C aqueous SDW
JWA 052 A516 Grade 55 7.86 8832 28 31 10836| 4830 22.28 80°C aqueous SDW
JWA 071 AS18 Grade 55 7 86 4392 28568 | 22380| 19386 21-1A  160°C vapar SCW
JWA 072 A518 Grade 55 7 86 4392 2726 | 28459| 26487 21-1A 80°C vapor SCW
JWA 073 A516 Grade 55 7 86 4392 2746 | 31926 29500 21-1A 80°C vapor SCW_ﬂ
JWA (74 A516 Grade 55 7 86 4392 2859 1 06150 5459 21-1B 60°C aqueous SCW
JWA 075 A516 Grade 55 7 86 4392 28 71 (06219) 5497 21-1B 80°C agueous SCW
JWA Q76 A516 Grade 55 7 86 4392 2842 | 05627 5025 21-1B 60°C aqueous SCW
JWA 077 A516 Grade 55 7 86 8760 2930 | 36173{ 15705 21-2A 60°C vapor SCW
JWA (078 AS516 Grade 55 7 86 8760 2852 | 4692%) 20938 21-2A 60°C vapor SCW
JWA 079 A516 Grade 55 7 86 8760 2872 48081| 21302 21-2A 60°C vapor SCW
JWA (080 A516 Grade 55 7 86 8760 29 65 01842 793 21-28 60°C aqueous SCW
JWA 0B1 A516 Grade 55 7 88 8760 2855 | 025101 1119 21.28 60°C aqueous SCW
JWA 082 A516 Grade 55 7 86 8760 2915 [ 01841 803 21-28 60°C aqueous SCW
JWA 101 A516 Grade 55 7 86 4392 2965 | 23122] 19790 21-1A B0°C water line SCW
JWA 102 A516 Grade 55 785 8760 2890 | 299411 13180 21-2A 80°C water line SCW
JWA 108 AB16 Grade 55 7 86 4344 2874 | 02115] 1888 20-1A 90°C water line SCW
JWA 107 A516 Grade 55 7 86 8736 28 65 15234| 6785 20-2A 90°C water line SCW
liWA 111 A516 Grade 55 786 4344 2828 | 27599 24182 20-1A 90°C vapor SCW
[JWA 112 A516 Grade 55 7 86 4344 2825 | 35412; 32166 20-1A 90°C vapor SCW
JWA 113 A516 Grade 55 7 86 4344 2919 29348 25797 20-1A 90°C vapor SCW
JWA 114 A516 Grade 55 7 86 4344 2037 { 014671 1281 20-1B 90°C aqueous SCW
JWA 115 A516 Grade 55 7 86 4344 2954 | 01598) 1388 20-1B 90°C aqueous SCW
JWA 116 A516 Grade 55 7 86 4344 2864 | 01219] 1092 20-1B 90°C aqueous SCW
JWA 117 AB16 Grade 55 7 86 8736 29,59 | 79562 34299 20-2A 90°C vapor SCW
JWA 118 A516 Grade 55 786 8736 28680 | 82022| 363386 20-2A  |90°C vapor SCW
JWA 120 A516 Grade 55 7 86 8736 2862 | 01562 6 96 20-28 90°C aqueous SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density] Exposure} Surface | Weight | Corrosion Vessel Test environment

identification (g/ce) time area loss rate number-rack
(hours) | (sqem)| () (pm/y) number |

JWA 121 |A516Grade 55 | 786 | 8736 | 2877 | 01297] 575 2028 |90°C agueous SCW
JWA 122 A516 Grade 55 7 86 8736 2778 00803 369 20-2B 90°C aqueous SCW
JWI 001 A516 Grade 55 7 86 4536 27 50 04384 39 16 23-1A 60°C vapor SDW
JWI 002 A516 Grade 55 7 86 4536 2778 04193 37 11 23-1A 80°C vapor SDW
JW! 003 A516 Grade 55 786 4536 27 42 0 6981 62 56 23-1A 60°C vapcr SBW
JWI Q04 A516 Grade 55 786 4536 2809 10079 8815 23-18 60°C aqueous SDW
JWI 005 AB516 Grade 55 786 4536 27 49 11405| 10195 2318 60°C aqueous SDW
JWI 008 A516 Grade 55 7 86 4536 27 89 13384 11792 23-1B 60°C aqueous SDW
JWL 007 A516 Grade 55 7 86 8760 27 84 | 04071 18 60 23-2A 60°C vapor SOW
JWI 008 A518 Grade 55 7 86 8760 27 64 04418 20 34 23-2A 80°C vapor SDW
JWIEO09 A516 Grade 55 7 86 8760 27 52 0 8367 3869 23-2A 60°C vapor SDW
JWI010 A516 Grade 55 7 86 8760 2784 | 15283| 6984 23-28 60°C aqueous SDW
JWI 011 A516 Grade 55 7 86 8760 27 68 18222 8374 23-28 60°C agueous SDW
JWI 012 A516 Grade 55 7 86 8760 27 47 17121 7929 23-2B 60°C aqueous SDW
JWI 031 A516 Grade 55 7 86 4536 2785 | 25852| 22806 23-1A  |60°C water line SDW
JWI 032 A516 Grade 55 786 8760 2802 48260 21911 23-2A 60°C water line SDW
JWI 036 A516 Grade 55 7 86 4632 28 05 31770 | 27252 22-1A 90°C water line SDW
JWI 037 A516 Grade 55 7 86 8832 27 80 30561 | 13874 22-2A 90°C water line SDW
JWI 041 A516 Grade 55 7 86 4632 2790 | 08859| 7641 22-1A  [90°C vapor SDW
JWI 042 A516 Grade 55 7 86 4632 27 94 1 0990 94 64 22-1A 90°C vapor SDW
JWI 043 A516 Grade 55 786 4632 2812 12261 104 93 22-1A 90°C vapor SDW
JWI 044 A516 Grade 55 786 4632 2812 10243 87 865 22-1B 90°C aqueous SDW
JWI 045 A516 Grade 55 7 86 4632 27 66 12352 107 46 22-18 90°C aqueous SDW
JWI 046 AS16 Grade 55 7 86 4632 28 40 15348 13002 22-1B 90°C aqueous SDW
JWI047 A516 Grade 55 7 86 8832 2809 11352 5100 22-2A 90°C vapor SDW
JWI 048 AB16 Grade 55 7 86 8832 28 26 13274 59 26 22-2A 90°C vapor SDW
JWI 049 A516 Grade 55 7 86 8832 28 02 13047 5876 22-2A 90°C vaper SDW
JWI 050 A516 Grade 55 7 B6 8832 28 12 1 2473 5597 22-28 90°C aqueous SDW
JWI 051 A516 Grade 55 7 86 8832 2825 14235 63 58 22-28 90°C aqueous SDW
JWI 052 A516 Grade 55 7 86 8832 2829 | 11245| 5017 2228 90°C aqueous SDW
JWI 071 A516 Grade 55 7 86 4392 2800 179251 162 43 21-1A 60°C vapor SCW
JWI 072 AB16 Grade 55 7 86 4392 2802 17055 | 15447 211A 60°C vapor SCW
JWI 073 A516 Grade 55 7 86 4392 28 02 21305 19296 21-1A 80°C vapor SCW
JWI 074 A518 Grade 55 7 86 4392 2774 07498 68 58 21-1B 80°C agueous SCW
JWI 075 A516 Grade 55 7 86 4382 27 80 (0 9368 8521 21-1B 60°C aqueous SCW
JWI 076 A516 Grade 55 7 86 4392 2810 10138 9155 21-1B 60°C aqueous SCW
JWI 077 A516 Grade 55 786 8760 2824 444911 20047 21-2A 60°C vapor SCW
JWI 078 A516 Grade 55 7 86 8760 2804 | 583481 26475 21-2A  |60°C vapor SCW
JWI 079 A516 Grade 55 7 86 8760 2812 | 57048] 25815 21-2A  |60°C vapor SCW
JWI 080 A516 Grade 55 7 86 8760 27 94 02074 945 21-2B 60°C aqueous SCW
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2.2 Long-Term Corrosion Studies

Sample Ailoy Density| Expostire | Surface | Weight |Corrosion Vessel Test environment

identification (g/ce) time area loss rate number-rack
{hours) | (sq cm) {9) {pm/y) number .

[JW! 081 AS16 Grade 55 788 8760 28 06 Q2438 1105 21-28 80°C aqueous SCW
JWI 082 A516 Grade 55 7 BB 8760 2775 | 01986 310 21-2B  |60°C aqueous SCW
JWI 101 A516 Grade 55 7 86 4392 2786 | 25297 23040 | 21-1A  |60°C water line SCW |
JWL102 A516 Grade 55 786 I_78.7'60 2785 | 29865 13642 21-2A  |60°C water line SCW
JWI 106 A516 Grade 55 7 86 4344 27 93 0 1359 12 48 20-1A 90°C water line SCW
JWI 107 A516 Grade 55 7 86 8736 2807 10687 4857 20-2A 90°C water line SCW
’TW! 111 A516 Grade 55 786 4344 2883 | 268476 23811 20-1A  |90°C vapor SCW
JWi 112 A516 Grade 55 7 86 4344 2773 | 21105 19523 20-1A  |90°C vapor SCW
JWI 113 A516 Grade 55 7 86 4344 2790 | 20883] 19202 20-1A  |90°C vapor SCW
JWI 114 A518 Grade 55 786 4344 2825 [ 02101 19 08 20-1B  |90°C aqueous SCW
JWI 195 A516 Grade 55 7 86 4344 27 95 01526 14 01 20-1B 90°C agueous SCW
JWI[ 116 A516 Grade 55 7 86 4344 27 86 01759 16 20 20-1B 90°C aqueous SCW
JWI 117 A516 Grade 55 7 86 8736 2804 | 78826| 35868 20-2A  |90°C vapor SCW
JWI 118 A516 Grade 55 786 8736 28 25 93670 ] 42308 20-2A 90°C vapor SCW
JWI 119 A516 Grade 55 786 8736 27 51 41127 | 19072 20-2A 90°C vapor SCW
JWI 120 A516 Grade 55 786 8736 27 9 02045 9 35 20-28 90°C agueous SCW
JWI 121 A516 Grade 55 7 86 8736 2778 | 01405 648 20-2B  180°C agueous SCW
JWI 122 A516 Grade 55 7 86 B736 2798 | 01502 6 85 20-2B  {80°C aqueous SCW
KWA 001 A27 Grade 70-40| 782 4536 2834 | 04362 380f 23-1A  {80°C vapor SDW
KWA Q02 A27 Grade 70-40] 782 4538 28 17 02313 20 28 23-1A 83°C vapor SDW
KWA 003 A27 Grade 70-40] 782 4536 2823 | 04351 3806 23-1A  |60°C vapor SDW
KWA 004 A27 Grade 70-40] 782 4536 28 06 13262 11672 23-18 60°C aqueous SDW
KWA 005 A27 Grade 70-40| 782 4536 28 09 047001 4131 23-18 60°C aqueous SOW
MA 008 A27 Grade 70-40) 782 4536 2815 10919 95 78 23-1B 80°C agueous SDW
KWA Q07 A27 Grade 70-40/ 782 8760 2817 0 7855 35 66 23-2A 80°C vapor SDW
KWA 008 A27 Grade 70-40{ 782 8760 28 16 0 5552 25 21 23-2A 60°C vapor SDW
KWA 009 AZ7 Grade 70-40; 782 8760 2815 0 7363 3345 23-2A 80°C vapor SDW
KWA 010 A27 Grade 70-40| 782 8780 2800 19919 90 97 23-28 60°C aqueous SDW
E(WA 011 A27 Grade 70-40| 782 8760 2812 18306 8326 23-28 60°C aqueous SDW
KWA 012 AZ7 Grade 70-40) 782 a8760 28 24 16387) 7429 23-28 80°C aquecus SDW
KWA 031 A27 Grade 70-40| 782 4536 2822 | 23064| 20184 23-1A  |80°C water line SDW
KWA 032 A27 Grade 70-40{ 782 87860 28 26 51890 | 23524 23-2A 80°C water line SDW
KWaA 036 A27 Grade 70-40) 782 4632 2815 31445 27015 22-1A 80°C water line SDW
KWA 037 A27 Grade 70-40] 7 82 8832 2814 | 23383) 10538 22-2A 90°C water line SDW
KWA 041 A27 Grade 70-40] 782 4632 2816 | 10836 9135 22-1A  |90°C vapor SDW
KWA 042 A27 Grade 70-40] 782 4632 2828 | 055737 4765 22-1A  |90°C vapor SDW
KWA 043 A27 Grade 70-40; 782 4632 2784 | 07197 6253 22-1p  |90°C vapor SDW
KWA 044 A27 Grade 70-40[ 7.82 4632 2830 | 08423 7197 22-1B  |90°C aqueous SDW
KWA 045 A27 Grade 70-40; 782 4632 2819 | 09280 7961 22-18  190°C aqueous SDW
KWA 048 A27 Grade 70-40; 782 4832 28.02 11289 97 43 22-1B 90°C agueous SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification {(grec) time area loss rate number-rack
(hours) [(sqcm}| {@) {(nmyy) number

KWA 047 A27 Grade 70-40| 782 8832 2803 | 0980t 44 36 22-2A 80°C vapor SDW
KWA 048 A27 Grade 70-40| 782 8832 2812 | 061533 2775 22-2A 80°C vapor SDW
KWA 049 A27 Grade 70-40| 782 8832 28 21 050481 2269 22-2A 90°C vapor SDW
KWA 050 A27 Grade 70-40| 782 8832 2818 { 10395| 4679 22-2B 90°C aqueous SDW
KWA 051 A27 Grade 70-40| 782 8832 28 00 15213 6891 22-28 90°C aqueous SDW
KWA 052 A27 Grade 70-40] 782 8832 27 89 10273 4672 22-2B 90°C aqueous SDW
KWA 071 A27 Grade 70-40; 782 4392 2813 19195 17402 21-1A 60°C vapor SCW
KWA 072 A27 Grade 70-40] 782 4392 2806 | 24878 22613 21-1A 60°C vapor SCW
KWA (073 A27 Grade 70-40;{ 782 4392 2818 | 39854 36078 21-1A 60°C vapor SCW
KWA 074 A27 Grade 70-40| 782 4392 2840 | 08134 7305 21-1B 60°C aqueous SCW
KWA 075 A27 Grade 70-40| 782 4392 28 36 08716 7839 21-1B 80°C aqueous SCW
KWA 076 A27 Grade 70-40| 782 4392 27 83 07729 7084 21-1B 60°C aqueous SCW
KWA 077 A27 Grade 70-40| 782 8760 27 87 16645 76 38 21-2A 60°C vapor SCW
KWA 078 A27 Grade 70-40] 782 8760 28 01 19880 9077 21-2A 80°C vapor SCW
KWA 079 A27 Grade 70-40] 7382 8760 2827 | 28218| 12764 21-2A 60°C vapor SCW
KWA 080 A27 Grade 70-40] 782 8760 28 30 02362 1067 21-2B 60°C aqueous SCW
KWA 081 A27 Grade 70-40] 782 8760 27 B8 02180 1000 21-28 60°C aqueous SCW
KWA 082 A27 Grade 70-40| 7 82 8760 2793 | 01620 742 21-28 60°C aqueous SCW
KWA 101 A27 Grade 70-40| 782 4392 2822 | 20872| 18862 21-1A 60°C water line SCW
KWA 102 A27 Grade 70-40| 782 8760 2820 | 39143| 17753 21-2A 80°C water line SCW
KWA 1086 A27 Grade 70-40| 782 4344 2837 | 14599 13271 20-1A 90°C water line SCW
KWA 107 A27 Grade 70-40] 782 8736 28 16 26898 12294 20-24 90°C water line SCW
KWA 111 A27 Grade 70-40| 782 4344 2816 | 18152| 16622 20-1A 90°C vapor SCW
KWA 112 A27 Grade 70-40| 7 82 4344 28 29 286971 26161 20-1A 90°C vapor SCW
KWA 113 A27 Grade 70-40] 7 82 4344 28 21 22235 20328 20-1A 90°C vapor SCW
KWA 114 A27 Grade 70-40| 782 4344 28 11 01252 1148 20-1B 90°C aqueous SCW
KWA 115 A27 Grade 70-40| 782 4344 2804 | 01487| 1367 20-1B 80°C agueous SCW
KWA 116 A27 Grade 70-40| 782 4344 2788 | 00976 803 20-1B 90°C aqueous SCW
KWA 117 A27 Grade 70-40| 782 8736 28 35 47050 | 21281 20-2A 90°C vapor SCW
KWA 118 A27 Grade 70-40| 782 8736 2832 | 42686| 19328 20-2A 90°C vapor SCW
KWA 119 A27 Grade 70-40| 782 8736 27 93 59267 | 27206 20-2A 90°C vapor SCW
KWA 120 A27 Grade 70-40| 782 8736 28 27 01435 651 20-2B 90°C aqueous SCW
KWA 121 A27 CGrade 70-40| 782 B736 2844 | 01582 7 13 20-28 90°C aqueous SCW
KWA 122 A27 Grade 70-40| 782 8736 2824 + 01174 532 20-2B 90°C aqueous SCW
KWI1 001 A27 Grade 70-40| 782 4536 2854 | 07067| 6116 23-1A 60°C vapor SDW
Kwil 002 A27 Grade 70-40] 7 82 4536 28 45 05307 4607 23-1A 60°C vapor SDW
KWI 003 A27 Grade 70-40| 782 4536 2809 | 08026| 7057 23-1A 60°C vapor SDW
KWI 004 A27 Grade 70-40| 782 4536 2826 | 11524| 10068 23-1B 60°C aqueous SDW
KW1 005 A27 Grade 70-40| 782 4536 27 89 10008| 8862 23-1B 60°C aqueous SOW
KWI 006 A27 Grade 70-40| 782 4536 28 53 12701 10993 23-1B 60°C agqueous SDW
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2.2 Long-Term Corrosicon Studies

Sample Alloy Density| Exposure | Surface | Weight 1 Corrosion Vessel Test environment

identification {g/ce) time area loss rate numbes-rack
{hours) | {sqcm) {g) (unmvy) number ]

KWL Q07 A27 Grade 70_«;6 782 8760 [ 27 81 07467 | 3434 23-2A  |60°C vapor SDW
Kw1 008 A27 Grade 70-40; 782 8760 2804 | 08435; 3710 23-2A  |80°C vapor SDW
KWI 009 A27 Grade 70-40| 782 8760 2806 | 09692| 4417 23-2A 60°C vapor SDW
KWi 010 A27 Grade 70-40| 782 8760 2852 | 16251 7287 23-2B 60°C aqueous SDW
KW1 011 A27 Grade 70-40; 782 8760 28 39 163087 7347 23-2B 80°C aqueous SDW
KW 012 A27 Grade 70-40 @J 8760 27 95 18289| 8366 23-2B 60°C aqueous SDW
Kwi 031 A27 Grade 70-40[ 7 82 4536 27 37 22139 | 19975 23-1A 80°C water line SDW
KW 032 A27 Grade 70-40] 782 8760 28 04 395101 18021 23-2A 80°C water line SDW
KWI 036 A27 Grade 70-40| 782 4632 2826 | 24648 21093 22-1A 90°C water line SDW
KWI 037 A27 Grade 70-40| 782 8832 2728 | 28428| 13217 22-2A 90°C water line SDW
KW 041 A27 Grade 70-40f 782 4832 2766 | 11642) 10181 22-1A  190°C vapor SOW
KWI 042 A27 Grade 70-40] 782 4832 28 21 07152 6130 22-1A  |90°C vapor SDW
KWl 043 A27 Grade 70-40| 782 4632 27 71 08577; 7485 22-1A 90°C vapor SDW
KWI 044 A27 Grade 70-40| 782 4632 2802 08749 | 7550 22-1B 90°C aqueous SDW
KWI 045 A27 Grade 70-40] 782 4632 2816 07817 67 99 22-1B 80°C aqueous SDW
KWI 046 A27 Grade 70-40| 782 4632 28 14 10459 | 8988 22-1B 90°C aqueous SOW
KWi047  |A27 Grade7040] 782 | 8832 | 2816 | 08939| 4026 2228 |90°C vapor SDW
KW 048 AZ27 Grade 70-40| 782 8832 28 08 Del22; 2720 22-2A 90°C vapor SDW
KWI 049 A27 Grade 70-40| 782 8832 28 39 0 6925 30 94 22-2A 90°C vapor SDW
KWI 050 E\;Grade 70-40] 782 8832 28 16 1 (0281 46 31 22-28 90°C aqueous SDW
KW 051 AZ7 Grade 70-40; 782 8832 28 40 08144 3638 22-2B 90°C aqueous SDW
KWI 052 A27 Grade 70-40] 782 8832 27 93 14508| 6588 22-2B 90°C aqueous SDW
KWI 071 A27 Grade 70-40] 782 4392 28 30 19898 ( 17932 21-1A 60°C vapor SCW
’EWE 072 AZ27 Grade 70-40) 7 82 4392 27 66 22157 20434 21-1A 60°C vapor SCW
KWI 073 A27 Grade 70-40] 782 4392 2816 27674 25065 21-1A 60°C vapor SCW
KWI 074 A27 Grade 70-40| 782 4392 2837 | 05969 5366 21-1B 60°C aqueous SCW
KW 075 A27 Grade 70-40| 782 4392 27 71 068270 5772 2118 160°C aqueous SCW
KWI1 076 A27 Grade 70-40| 782 4392 28 10 06101 55 38 21-1B 60°C agueous SCW
KWi 077 A27 Grade 70-40| 782 8760 2853 | 172468 7730 21-2A 60°C vapor SCW
Kwiovs A27 Grade 70-401 782 g760 28 33 17060 77 01 21-2A 80°C vapor SCW
KWI 079 A27 Grade 70-40; 782 8760 2820 | 21871 9826 21-2A 60°C vapor SCW
KWI 080 A27 Grade 70-40] 782 8780 2847 | 01801 809 21-28 80°C aqueous SCW
KWi 081 A27 Grade 70-40| 782 8760 2808 | 022687 1032 21-2B 60°C aqueous SCW
Kwi 082 A27 Grade 70-40| 782 8760 28 61 02424, 1083 21-2B 60°C agueous SCW
Kwi 101 A27 Grade 70-40| 782 4392 27 43 25415 23628 21-1A 60°C water line SCW
KwI1102 A27 Grade 70-40| 782 8760 2807 444001 20228 21-2A 60°C water line SCW
IEf\ll 106 A27 Grade 70-40| 782 4344 27 97 "0 6114| 5636 20-1A 90°C water line SCW
KWI1 107 A27 Grade 70-40| 782 8736 28 27 12315 5586 20-2A 90°C water line SCW
KWl 111 A27 Grade 70-40| 7 82 4344 27.75 16176 15033 20-1A 90°C vapor SCW
Kwl 112 A27 Grade 70-40; 782 4344 28 57 233281 21060 20-1A 90°C vapor SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) | {sqcm) {a) (pm/y) number

KWI 113 A27 Grade 70-40| 782 4344 2730 | 33143| 313056 20-1A 90°C vapor SCW
KWl 114 A27 Grade 70-40] 782 4344 2719 01775 16 84 20-1B 90°C aqueous SCW
KWl 115 A27 Grade 70-40| 782 4344 2735 | 02339 2206 20-1B 90°C aqueous SCW
KWI 1186 A27 Grade 70-40[ 782 4344 2760 | 01933 1806 20-1B  |90°C agueous SCW
KW 117 A27 Grade 70-40| 782 8736 28 23 17647 8015 20-2A 90°C vapor SCW
Kwi 118 A27 Grade 70-40| 782 B736 2779 | 26178| 12081 20-2A 90°C vapor SCW
KwWI 119 A27 Grade 70-40| 782 8736 2802 | 36888| 16875 20-2A 80°C vapor SCW
KWI 120 A27 Grade 70-40] 782 8736 2782 | 01330 613 20-2B 80°C aqueous SCW
KW 121 A27 Grade 70-40{ 782 8736 2832 | 01305 591 20-2B 90°C aquecus SCW
KWl 122 A27 Grade 70-40| 782 8736 2748 | 01756 820 20-28 90°C aqueous SCW
LWA 001 Inconel 625 844 4296 2822 {-00004! -003 25-1A 60°C vapor SAW
LWA 002 Inconel 625 844 4296 2826 |-00002| -002 25-1A 80°C vapor SAW
LWA 003 Inconel 625 844 4296 2814 (00005 004 25-1A 60°C vapor SAW
LWA 004 Inconel 625 844 4296 2829 [-00016| 014 25-1B 60°C aqueous SAW
LWA 005 Inconel 625 844 4296 2823 (00017] 015 25-1B 60°C aqueous SAW
LWA 006 Inconel 625 844 4296 2818 |-00018| -015 25-18 80°C aqueous SAW
LWA 007 Inconel 625 B 44 8376 28.25 | 00000 000 25-2A 60°C vapar SAW
LWA 008 Incone! 625 844 8376 2827 |-00004 -0 02 25-24 60°C vapor SAW
LWA 009 inconel 625 8 44 8376 2827 |-00002) 001 25-2A 60°C vapor SAW
LWA 010 Inconel 625 844 8376 2817 |-00004} D02 25-2B 60°C aqueous SAW
LWA 011 Inconel 625 844 8376 2821 (00004 002 25-2B 60°C aqueous SAW
LWA 012 Inconel 625 844 8376 2820 |-0o006| 003 25-2B 60°C agueous SAW
LWA 031 Inconet 625 844 4296 2832 |-00005| 004 25-1A 60°C water line SAW
LWA 032 tnconel 625 844 8376 2837 |-00001 000 25-2A 80°C water line SAW
LWA 036 Inconie! 625 844 4344 27 81 G 0004 003 26-1A 90°C water line SAW
LWA 037 Inconel 625 844 8784 28 29 0 0000 000 26-2A 90°C water line SAW
LWA 041 Inconel 625 844 4344 2832 | 00002 002 26-1A 90°C vapor SAW
LWA 042 Inconel 625 844 4344 2843 1 00001 001 26-1A 90°C vapor SAW
LWA 043 Inconet 625 844 4344 28 37 0 0005 004 26-1A 90°C vapor SAW
LWA 044 Inconel 625 844 4344 2830 (00004 -~-003 26-1B 90°C aqueous SAW
LWA 045 inconel 625 844 4344 2824 |-00010| -0O08 26-1B 90°C aqueous SAW
LWA 046 Inconel 625 844 4344 2820 |-00008| -005 26-1B 90°C agueous SAW
LWA 047 incone! 625 8 44 8784 2818 | 00002 001 26-2A 90°C vapor SAW
LWA 048 Inconel 625 844 8784 28,14 | 00004 002 26-2A 90°C vapor SAW
LWA 049 Inconel 625 844 8784 28 08 0 0004 ooz 26-2A 90°C vapor SAW
LWA 050 Inconel 625 844 8784 2823 |-0.0003| 001 26-2B 90°C aqueous SAW
LWA 051 Inconel 625 844 8784 28 24 0 0000 000 26-2B 90°C aqueous SAW
LWA 052 Inconel 825 844 8784 2823 | 00005 002 26-2B 90°C aqueous SAW
LWA 071 Inconet 625 844 4392 28 27 00011 009 27-1A 60°C vapor SCW
LWA 072 Inconel 625 B 44 4392 2824 0 0008 007 27-1A 60°C vapor SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density} Exposure ] Surface | Weight | Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) | (sq cm) {q) {(pmvy) number _

LWA 073 Inconel 625 8 44 4352 2825 | 00010 008 27-1A 80°C vapor SCW
LWA Q74 Inconel 625 8 44 4392 2826 | 00009 008 27-1B 680°C aqueous SCW
LWA 075 Inconel 625 844 4392 2827 | 00006 005 27-18 60°C aqueous SCW
LWA 076 Inconel 625 844 4392 2845 | 00012 010 27-1B 60°C aqueous SCW
LWA 101 Inconel 625 8 44 4392 2825 | 00013 RN 27-1A 60°C water line SCW
LWA 108 _ |Incone! 825 844 4464 2833 | 00005 004 28-1A 90°C water line SCW
EVA 111 [Inconel 625 844 4464 2810 | 00004 003 28-1A 90°G vapor SCW
LWA 112 Inconel 625 844 4464 2827 | 00004 003 28-1A  {90°C vapor SCW
LWA 113 Inconel 625 844 4464 28 25 0 0004 003 28-1A 90°C vapor SCW
LWA 114 Inconel 825 8 44 4464 2817 [ 00008 005 23-18 90°C agqueous SCW
LWA 115 inconel 625 844 4464 28 21 0 0009 007 28-1B 90°C aqueous SCW
LWA 118 inconel 625 8 44 4464 2812 | 00005 004 28-1B 90°C aqueous SCW
LWA 141 inconel 625 8 44 4484 283 0 0009 Q07 29-1A €0°C vapor SDW
LWA 142 Inconel 625 B 44 4464 2834 | 00006 005 29-1B 80°C aqueous SDW
LWA 151 Inconel 625 844 4464 2825 | 00002 002 29-1A 60°C walter line SDW
LWA 164 Inconel 625 844 4392 2825 | 00007 006 30-1A 90°C water line SDW
LWA 168 Inconel 625 844 4392 2620 0 0005 004 30-1A 90°C vapor SDW
LWA 169 Inconel 625 B 44 4392 28 11 ooot2 010 30-1B 90°C aqueous SDW
LWJ 001 Inconel 625 844 4296 2760 [-00004] 004 25-1A 60°C vapor SAW
TV\TJ 002 nconel 625 844 4296 2771 [-00012] -~010 25-1A  |60°C vapor SAW
LWJ 003 inconet 625 8 44 4296 2772 | 00000 000 25-1A 60°C vapor SAW
LWJ 004 Inconel 625 844 4296 2774 {-00001| -001 25-18 60°C aqueous SAW
LWJ 005 Inconel 625 8 44 4296 2768 | 00004 003 25-1B 60°C aqueous SAW
LWJ 006 Inconel 625 8 44 4296 2771 |00004] 003 25-1B 60°C aqueous SAW
LWJ 007 ingonel 625 844 8376 2779 0 0000 000 25-2A 60°C vapor SAW
L WJ 008 Incone) 625 8 44 8376 2770 0 0000 000 25-2A 80°C vapor SAW
LWJ 009 Inconel 625 844 8376 2777 |-00001 000 25-2A 60°C vapor SAW
LWJ 010 inconel 625 B 44 8376 27 82 0 0001 0400 25-28 60°C agueous SAW
LWJ 011 inconel 625 844 8376 2776 | 00002 0 o1 25-2B 80°C agueous SAW
LwJao12 Inconet 625 8 44 8376 2774 [-00002] 001 25-28 60°C agueous SAW
LWJ 031 Inconel 625 8 44 4296 2762 |-H0004] D03 25-1B 60°C water line SAW
LWJ 032 Inconel 625 844 8376 2754 |-00002| 001 25-2B 80°C water line SAW
LWJ 036 inconel 625 844 4344 2758 | 00002 002 26-18 90°C waler line SAW
LWJ 037 Inconel 625 844 8784 27 63 |-00001 000 26-2B 90°C water line SAW
LWJ 041 inconel 625 844 4344 27 47 | 00001 0 01 26-1A 80°C vapor SAW
LWJ 042 Inconel 625 8 44 4344 2766 | 00001 001 26-1A 90°C vapor SAW
LWJ 043 Inconel 625 B44 4344 2777 | 00012 010 26-1A 90°C vapor SAW
LW 044 Inconel 625 844 4344 27 68 00011 009 26-18 90°C agueous SAW
LWJ 045 inconel 625 8 44 4344 2779 |-00005| 004 26-1B 90°C aqueocus SAW
LWJ 046 Inconel 625 844 4344 27 67 | 00001 001 26-1B 90°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alley Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

ldentification {g/cc) time area loss rate number-rack
(hours) | {sq cm) {a) {um/y) number

LWJ 047 Inconel 625 844 8784 27 67 0 0005 002 26-2A 90°C vapor SAW
LW.J 048 Inconel 625 844 8784 27 71 0 0004 002 26-2A 90°C vapor SAW
LWJ 049 Inconel 625 844 8784 2784 | Q0004 002 26-2A 90°C vapor SAW
LW.J 050 Inconel 625 B 44 8784 2775 |-00003] 001 26-28 90°C agueous SAW
LWJ 051 Incone! 625 844 8784 2777 |—00003| OO 26-2B8 90°C agueous SAW
LWJ 052 Inconel 625 8 44 8784 27 69 0 0000 000 26-28 90°C agueous SAW
LWJ 071 Inconel 625 8 44 4392 2789 | 00004 003 27-1A 80°C vapor SCW
LWJ 072 Inconel 625 844 4392 2750 | 00009 008 27-1A 60°C vapor SCW
LWJ 073 Inconel 625 844 4392 2767 | 00006 005 27-1A 60°C vapor SCW
LWJ 074 Inconel 625 8 44 4392 27 85 00012 010 27-1B 60°C aqueous SCW
LWJ 075 Inconel 625 844 4392 2750 | 00010 009 27-1B 60°C aquecus SCW
LWJ 076 Inconel 825 8 44 4392 2764 | 00067 006 27-1B 80°C aquecus SCW
LwWJ 101 Inconel 825 844 4392 2775 | 00008 005 27-1B 60°C waler line SCW
LWJ 106 Inconel 625 B44 4464 2773 | 00003 003 28-1B 90°C water line SCW
LWJ 111 Inconel 625 844 4464 2765 | 00003 003 28-1A 90°C vapor SCW
LWJ 112 Inconel 625 844 4464 2756 [-00002y 002 28-1A 90°C vapor SCW
LWJ 113 Inconel 625 844 4464 2778 | 00002 002 28-1A 90°C vapor SCW
LWJ 114 Inconel 625 844 4464 2763 | 00005 004 28-1B 90°C agueous SCW
LwJ 115 Inconel 625 8 44 4464 27 59 0 0005 004 28-1B 90°C aqueous SCW
LWJ 116 Inconel 625 8 44 4464 27 81 0 0c03 003 28-1B 90°C aqueous SCW
LWJ 141 Inconel 625 844 4464 2776 00002 0G2 29-1A 60°C vapor SDW
LwJ 142 Inconel 625 8 44 4464 2777 00002 002 29-1B 80°C aqueous SDW
LWJ 151 Inconel 625 844 4464 27 86 0 0000 000 29-1B 60°C water line SDW
LWJ 164 Inconel 825 8 44 4392 2777 | 00002 002 30-1B 90°C water Jine SDW
LWJ 168 Inconel 625 8 44 4392 2775 | 00008 007 30-1A 90°C vapor SDW
LwJ 169 Inconel 625 844 4392 2775 0 0004 003 30-1B 90°C agueous SDW
AWA 01 1825 814 4296 2830 (00005 —004 25-1A 60°C vapor SAW
AWA 002 1825 814 4296 2837 | 00000 000 25-1A 60°C vapor SAW
AWA 003 1825 814 4296 2834 | 00003 003 25-1A 60°C vapor SAW
AWA 004 1825 814 4296 2826 [-00002; -002 25-1B 60°C aqueous SAW
AWA 005 1825 814 4296 2821 [-00003; 003 25-1B 60°C aqueous SAW
AWA 006 1825 814 4206 27 81 00015 014 25-18 60°C aqueous SAW
AWA 007 1825 814 8376 2813 |[-00001 000 25-2A 80°C vapor SAW
AWA 008 1825 814 8376 2816 [-00005| -002 25-2A 60°C vapor SAW
AWA 009 1825 814 8376 2826 (00003 -OOft 25-2A 80°C vapor SAW
AWA 010 (825 814 8376 28 28 0 0000 000 25-28 80°C aqueous SAW
AWA 011 1825 814 8376 28 31 00026 012 25-28 80°C aqueous SAW
AWA 012 825 814 8376 2799 [-00003| 001 25-2B 60°C aqueous SAW
AWA 031 1825 814 4296 2815 [-00Q002| -002 25-1A 80°C water fine SAW
AWA 032 1825 814 8376 2827 | 00001 000 25-2A 60°C water line SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density[ Exposure | Surface | Weight [ Corrosion Vessel Test environment

identification {g/cc) time area loss rate | number-rack
(hours} | (sqcm) (q) {(um/’y) number

AWA 036 1825 814 4344 2794 | 00005 004 26-1A  |90°C water line SAW
AWA 037 1825 814 8784 2834 | 00000 000 26-2A 90°C water line SAW
AWA 041 1825 814 4344 2829 | 00011 010 26-1A  [90°C vapor SAW
AWA 042 1825 814 4344 28 24 000186 014 26-1A 90°C vapor SAW
AWA 043 1825 814 4344 2812 0 0008 007 26-1A 90°C vapor SAW
AWA 044 1825 814 4344 28 44 00018 017 26-18 90°C aqueous SAW
AWA 045 1825 814 4344 2804 00013 011 26-1B 90°C aqueous SAW
AWA 048 1825 814 4344 2835 { 00018 016 26-1B _ |90°C agueous SAW
AWA 047 (825 814 8784 2818 | 00002 001 26-2A 80°C vapor SAW
AWA 043 1825 814 8784 27 93 0 0004 002 26-2A 90°C vapor SAW
AWA 049 1825 914 8784 2822 | 00005 002 26-2A 90°C vapor SAW
AWA 050 1825 814 8784 2828 [ 00109 047 26-2B 90°C aqueous SAW
AWA 051 1825 814 8784 2830 | 00105 045 26-2B  [90°C aquecus SAW
AWA 052 1825 814 8784 2831 0 0061 026 26-28 90°C aqueous SAW
AWA 071 1825 814 4392 2834 -0 0001 —0 01 27-1A 60°C vapor SCW
AWA 072 1825 814 4392 2813 | 00004 003 27-1A 60°C vapor SCW
AWA 073 1825 814 4392 2830 [ 00003 003 27-1A {60°C vapor SCW
AWA 074 1825 814 4392 28 16 0 0007 006 27-18 60°C aqueous SCW
[AWA 075 1825 814 4392 28 18 [ 00008 005 27-1B  160°C agueous SCW
AWA 076 1825 814 4392 2820 | 00006 005 27-1B B0°C aqueous SCW
AWA 101 1825 814 4392 28 14ﬂ 0 0006 005 27-1A 80°C water line SCW
AWA 106 1825 g14 4464 28 20 0 0007 006 28-1A 30°C water line SCW
AWA 11 1825 814 4464 2825 | 00002 002 28-1A  |90°C vapor SCW
AWA 112 1825 814 4464 2812 0 0005 004 28-1A 90°C vapor SCW
AWA 113 1825 814 4464 27 89 Q 0003 003 28-1A 90°C vapor SCW
AWA 114 1825 814 4464 28 11 0 0002 002 28-1B 90°C aguegus SCW
AWA 115 825 814 4464 28 43 0 0000 000 28-1B 90°C agueous SCW
AWA 116 1825 814 4464 2813 0 0004 003 28-1B 90°C aqueous SCW
AWA 141 1825 814 4464 2837 000027 002 29-1A £80°C vapor SDW
AWA 142 1825 814 4464 2g Q2 |-00001 —0 01 29-1B 60°C aqueous SDW
AWA 151 1825 814 4464 2841 [-00003; -003 29-1A 60°C water line SDW
AWA 164 1825 814 4392 2806 0 0002 002 30-1A 90°C water line SOW
AWA 168 1825 814 4392 28 28 0 0003 003 30-1A 80°C vapor SDW
AWA 169 1825 814 4392 2g 22 0 0006 005 30-1B 90°C aqueous SDW
AWB 001 1825 8 -14 4296 2774 |-00004| -004 25-1A 60°C vapor SAW
AWBD 002 1825 814 4296 2675 00010 009 25-1A 60°C vapor SAW
AWE 003 1825 814 4296 27 83 0 0004 004 25-1A 60°C vapor SAW
AWB 004 1825 814 4296 2756 |-00003| 003 25-1B 80°C aqueous SAW
AWB 005 1825 814 4296 27 53 0 0001 001 25-18 60°C aqueous SAW
AWB 006 1825 814 4296 2754 |-00011| 010 25-1B  |60°C agueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) | (sq cm} (9) {(nm/y) number

AWB 007 1825 814 8376 2766 |-00004( 002 25-28  |60°C vapor SAW
AWB 008 1825 814 8376 27 71 0 0000 000 25-2A  160°C vapor SAW
AWB 009 1825 814 8376 2768 |-00004| 002 25-2A 60°C vapor SAW
AWB 010 1825 814 8376 2784 |-00002] 001 25-28  180°C aqueous SAW
AWB 011 1825 814 8376 27 91 0 0001 000 25-2B 60°C aqueous SAW
AWRB 012 1825 814 B376 2769 |-00003] 001 25-28 60°C aqueous SAW
AWB 031 1825 814 4296 2756 |-00006| 005 25-1B 80°C water line SAW
AWB 032 1825 814 8376 2743 | -0 0001 000 25-2B 60°C water line SAW
AWB 036 1825 814 4344 2745 | 00006 005 26-1B 90°C water line SAW
AWB 037 1825 814 8784 2765 | 00003 001 26-2B 90°C water line SAW
AWB 041 1825 814 4344 2783 | 00009 008 26-1A  |90°C vapor SAW
AWB 042 1825 814 4344 2768 | 00008 005 26-1A  190°C vapor SAW
AWB 043 1825 814 4344 2749 | 00007 0086 26-1A  190°C vapor SAW
AWB 044 1825 814 4344 2748 | 00055 050 26-1B 90°C aqueous SAW
AWB 045 1825 814 4344 2772 | 00016 014 26-1B 90°C aqueous SAW
AWRB 048 1825 814 4344 27 64 0 0040 036 26-1B 90°C agueous SAW
AWB 047 1825 814 8784 27 07 0 0005 002 26-2A 90°C vapor SAW
AWSB 048 1825 814 8784 2788 | 00006 003 26-2A  |90°C vapor SAW
AWB 048 1825 814 8784 2770 | 00005 002 26-2A  |90°C vapor SAW
AWB 050 1825 814 B784 2788 | 00006 003 26-2B 90°C agueous SAW
AWB 051 1825 814 8784 2770 | 00003 001 26-28 80°C aqueous SAW
AWB 052 1825 814 B784 2760 | 00154 068 26-28 80°C aqueous SAW
AWB 071 1825 814 4392 2763 | 00002 002 27-1A  |60°C vapor SCW
AWB 072 1825 8 14 4392 2783 | 00010 009 27-1A  |80°C vapor SCW
AWS 073 1825 8 14 4392 2775 | 00005 004 27-1A |80°C vapor SCW
AWB 074 1825 814 4392 2790 | 00003 003 27-1B  160°C aqueous SCW
AWB 075 1825 814 4392 2737 | 00007 006 27-1B  160°C aqueous SCW
AWB 076 1825 814 4392 2725 | 00001 001 27-1B  {60°C aqueous SCW
AWB 101 1825 814 4392 2755 | 00007 006 27-1B 80°C water line SCW
AWB 106 1825 814 4464 2744 | 00001 001 28-1B 80°C water line SCW
AWB 111 1825 814 4464 2729 | 00003 003 2B-1A  |90°C vapor SCW
AWB 112 1825 814 4464 2735 | 00003 003 28-1A  |90°C vapor SCW
AWB 113 1825 814 4464 2759 | 00004 003 28-1A  |90°C vapor SCW
AWB 114 1825 814 4464 2748 | 00005 004 28-1B 90°C agqueous SCW
AWB 115 1825 814 4464 27 49 0 Q007 006 28-1B 90°C aqueous SCW
AWB 116 1825 814 4464 2760 | 00002 002 28-1B 90°C agueous SCW
AWB 141 1825 814 4464 2703 | 00003 003 29-1A  |60°C vapor SDW
AWB 142 1825 814 4464 2738 | 00005 004 29-1B 60°C aqueous SDW
AWB 151 1825 814 4464 2770 | 00004 003 29-18 60°C water line SDW
AWB 164 1825 814 4392 2775 | 00002 002 30-18  {90°C water iine SDW
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2.2 Long-Term Corrosion Studies

Sample Allaoy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification {gfec) time area loss rate number-rack
(hours) | (sqcm) (g} {(pmy) number

AWB 135 1825 814 4392 2787 | 00004 004 30-1A 80°C vapor SDW
AWB 169 1825 814 4392 2790 | 00002 002 30-1B  |90°C aqueous SDW
BWA 001 G3 827 4298 2831 [00003] 003 25.1A 60°C vapor SAW
BWA 002 G3 827 4296 2832 |-000068( -005 25-1A  160°C vapar SAW
BWA 003 G3 827 4296 2855 |-0o0002( -002 25-1A |60°C vapor SAW
BWA 004 G3 827 4298 2874 |-Q0007| 008 25-1B 60°C agueous SAW
BWA 005 G3 B 27 4296 2526 00001 -OMd 25-18 60°C aqueous SAW
BWA 006 G3 827 4296 | 2845 (—00023] 020 25-1B 60°C aqueous SAW
BWA 007 G3 827 8376 2851 [—00002] 001 25-2A 80°C vapor SAW
BWA 008 G3 8 27 8376 2864 |~00006f -0G8 25-2A 60°C vapor SAW
BWA 008 G3 827 8376 2855 |-00005| 002 25-2A  |80°C vapor SAW
BWA 010 G3 B 27 B376 2846 | 00005 bo2 25-2B 80°C agueous SAW
BWA 011 G3 827 8376 2849 |0 0001 000 25-2B 80°G aqueous SAW
BWA 012 G3 827 8376 2838 ; 00000 000 25-28 60°C agueous SAW
BWA 031 G3 827 4296 2855 (00004 —003 25-1A B0°C water line SAW
BWA 032 G3 827 8376 2839 (-00008! 004 25-2A 60°C water line SAW
BWA 036 G3 827 4344 28 61 0 0002 002 26-1A 90°C water line SAW
BWA 037 G3 8 27 L 8784 2871 0 0002 0 0t 26-2A 90°C water line SAW
BWA 041 a3 827 4344 2876 | 00000 000 26-1A 80°C vapor SAW
BWA 042 G3 827 4344 28 31 0 0003 003 26-1A 90°C vapor SAW
BWA 043 G3 827 4344 2835 | 00000 000 26-1A 90°C vapor SAW
BWA (44 &3 B 27 4344 2861 |-00004] D03 26-18 90°C aqueous SAW
BWA 045 G3 827 4344 28 41 0 0000 000 26-1B 90°C aqueous SAW
BWA 046 G3 827 4344 2848 |-00003; 003 26-1B 80°C agueous SAW
BWA 047 G3 827 8784 28 34 0 0006 003 26-2A 80°C vapor SAW
BWA 048 G3 827 8784 28 63 0 0003 001 26-2A 90°C vapor SAW
BWA 0438 G3 827 8784 2869 | 00006 003 26-2A 90°C vapor SAW
BWA 050 G3 827 8784 2864 [~00005, 002 26-2B 90°C aqueous SAW
BWA 051 G3 827 8784 2862 |-00006| -003 26-28 90°C aqueous SAW
BWA 052 G3 827 8784 28 41 0 0004 002 26-2B 90°C aqueous SAW
BWA 071 G3 827 4392 28 56 0 0001 001 271A 80°C vapor SCW
BWA 072 G3 8 27 4392 28585 | 00006 005 27-1A €0°C vapor SCW
BWA 073 G3 827 4392 2844 | 00002 002 27-1A 60°C vapor SCW
BWA 074 G3 827 4392 2870 0 0003 003 27-1B 60°C aqueaus SCW
BWA 075 G3 827 4392 2872 | 00008 007 27-1B 80°C agueous SCW
BWA 078 &3 827 4392 2878 | 00002 002 27-1B 60°C aqueous SCW
BWA 101 G3 827 4392 28 42 0 0005 004 27-1A 80°C water line SCW
BWA 106 G3 827 4464 2853 |-00008| 007 28-1A 90°C water line SCW
BWA 111 &3 827 4464 2820 (-0Q003! -0Q3 28-1A  (90°C vapor SCW
BWA 112 G3 B 27 4464 2874 |00003;: -002 28-1A  [90°C vapor- SCw
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification (g/ec) time area loss rate number-rack
{hours) | (sq cm) (q) (um/y) number_

BWA 113  |G3 827 | 4464 | 2854 | 00000] 000 28-1A  ]90°C vapor SCW
BWA 114 G3 827 44564 2860 (000N -0 01 28-18 90°C aqueous SCW
BWA 115 G3 827 4464 2858 (-00003| 002 28-1B 90°C aqueous SCW
BWA 116 G3 827 4464 2862 | 00003 002 28-1B 90°C aqueous SCW
BWA 141 G3 827 4464 2857 | 00006 005 29-1A 60°C vapor SDW
BWA 142 G3 827 4464 28 68 0 0005 004 29-1B 60°C aqueous SDW
BWA 151 G3 827 4464 2838 |-00002 002 29-1A 80°C water line SDW
BWA 164 G3 827 4392 27 82 00010 009 30-1A 90°C water line SDW
BWA 168 G3 827 4392 2779 00016 014 30-1A 90°C vapor SDW
BWA 169 G3 827 4392 27 87 00014 012 30-1B 90°C aqueous SDW
BWGC 001 G3 827 4296 2835 |~-00004| -003 25-1A 60°C vapor SAW
BWC 002 G3 827 4296 27 94 0 0000 000 25-1A 60°C vapor SAW
BWC 003 G3 827 4296 2826 |-000057 004 25-1A 80°C vapor SAW
BWC 004 G3 827 4296 2815 |-00005 004 25-1B 60°C aqueous SAW
BWC 005 G3 827 4296 2794 |—00002 -0 02 25-1B 60°C aqueous SAW
BWC 006 G3 827 4296 2829 |-00002 -~ 02 25-1B 60°C aqueous SAW
BWC 007 G3 827 8376 27985 (-00010 —005 25-2A 60°C vapor SAW
BWC 008 G3 827 8376 2816 |—00004| 002 25-2A 80°C vapor SAW
BWG 009 G3 827 8376 28 22 0 0000 000 25-2A 80°C vapor SAW
BWGC 010 G3 827 8376 2807 | 00000 000 25-2B 80°C agueous SAW
BWC 011 G3 827 8376 2832 |--00003 —0M 25-2B 60°C aqueous SAW
BWGC 012 G3 827 8376 27 84 |-00008 -0 04 25-2B 60°C aqueous SAW
BWC 031 G3 827 4296 2830 [-00002| 002 25-1B 80°C water line SAW
BWC 032 G3 827 8376 28 29 00002 001 25-2B 60°C water line SAW
BWC 036 G3 827 4344 2834 | 00009 008 26-1B 80°C water line SAW
BWC 037 G3 827 8784 28 23 0 0001 000 26-2B 90°C water line SAW
BWC 041 G3 827 4344 28 25 0 0008 007 26-1A 90°C vapor SAW
BWCG 042 G3 827 4344 28 30 00003 003 26-1A 90°C vapor SAW
BWC 043 G3 8 27 4344 2785 | 00003 003 26-1A 90°C vapor SAW
BWG 044 G3 827 4344 2832 (00005 -004 26-1B 80°C aqueous SAW
BWC 045 G3 827 4344 28 21 0 0011 009 26-18 30°C aqueous SAW
BWC 046 G3 827 4344 28 33 |0 0001 -0 01 26-1B 90°C aqueous SAW
BWC 047 G3 827 8784 28 26 0 0002 001 26-2A 90°C vapor SAW
BWC 048 G3 827 8784 28 37 00013 006 26-2A 90°C vapor SAW
BWC 048 G3 827 8784 28 30 00013 008 26-2A 90°C vapor SAW
BWC 050 G3 827 8784 2842 [-00003| 001 26-28 90°C aqueous SAW
BWC 051 G3 827 8784 2827 [~00005| -002 26-28 90°C aqueous SAW
BWC 052 G3 827 B784 2837 100005 -002 26-28 90°C aqueous SAW
BWC 071 G3 827 4392 28 31 0 0005 004 27-1A 80°C vapor SCW
BWC 072 G3 827 4392 27 89 0 0001 001 27-1A 60°C vapor SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure| Surface | Weight | Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) | (sq cm) {9) {um/y) number

BWC 073 |G3 827 | 4392 | 2826 | 00021] 018 974A  |B0°C vapor SCW
BWC 074 G3 827 4392 28 41 00006 005 27-1B 60°C aqueous SCW
BWC 075 G3 827 4392 28 51 0 0000 000 27-1B 60°C aqueous SCW
BWC 076 G3 827 4392 2828 | 00002 002 27-1B 60°C aqueous SCW
BWC 101 G3 827 4392 2769 | 00005 004 27-1B 60°C water line SCW
EWC 106 G3 827 4464 2829 | 0000t 001 28-1B 90°C water line SCW
BWC 111 G3 B 27 4464 2828 | DO0OD3 003 28-1A 90°C vapor SCW
BWC 112 G3 827 4464 2818 | 00002 002 28-1A 90°C vapor SCW
BWC 113 G3 827 4464 2838 | 00004 003 28-1A 90°C vapor SCW
BWC 114 G3 827 4464 2822 | 00004 003 28-1B 90°C aqueous SCW
BWC 115 G3 827 4484 2802 | 00004 003 28-1B 90°C aqueous SCW
BWC 116 G3 827 4464 2837 | 00003 003 28-1B 90°C agueous SCW
BWC 141 G3 827 4464 2824 | 00001 0 01 29-1A 60°C vapor SDW
BWC 142 G3 827 4464 2835 | 00002 002 29-1B 60°C agueous SDW
BWC 151 G3 827 4464 2828 |-00001| -001 29-1B 60°C water line SDW
BWC 164 G3 827 4392 27 92 0 0001 001 30-1B 90°C water line SDW
BWC 168 G3 827 4392 2784 | 00000 000 30-1A 90°C vapor SDW
BWC 169 G3 B a7 4392 2790 | 0001t 010 30-1B 90°C aqueous SDW
CWA 001 C4 380 4296 28 01 00002 002 25-1A  |80°C vapor SAW
CWA 002 C4 860 4296 27 87 0 0000 C 00 25-1A 80°C vapor SAW
CWA 003 C4 860 4296 2796 | 00001 001 25-1A 60°C vapor SAW
CWA Q04 C4 860 4296 27 81 0 0005 004 2518 £0°C aqueous SAW
CWA 005 C4 860 4296 27 82 0 0004 003 25-1B 60°C aqueous SAW
CWA 006 C4 860 4296 2808 | 00005 004 25-1B 60°C aqueous SAW
CWA 007 G4 860 8376 2832 |-00004] 002 25-2A  [80°C vapor SAW
CWA 008 C4 B 60 8376 2781 |-00003| 001 25-2A 60°C vapor SAW
CWA 009 C4 8860 8376 2809 |[-00005; 002 25-2A 60°C vapar SAW
CWA 010 C4 860 8378 2303 | 00000 000 25-28 60°C aqueous SAW
CWA 011 C4 8 60 8376 28 01 00002 001 25-2B 60°C aqueous SAW
CWA 012 C4 8 60 B376 2809 | 00007 003 25-2B 60°C aqueous SAW
CWA 031 C4 8 60 4296 2834 [ 00002 002 25-1A 60°C water iine SAW
CWA 032 C4 860 8376 2797 | 00003 oo 25-2A 60°C water line SAW
CWA 036 C4 8 60 4344 27 81 00004 003 26-1A 90°C water line SAW
CWA 037 C4 B 60 8784 2800 | 00010 004 26-2A 80°C water line SAW
CWA 041 C4 8 60 4344 2800 [-00001] 001 26-1A 90°C vapor SAW
CWA 042 C4 8 60 4344 2786 | 00008 007 26-1A 90°C vapor SAW
CWA 043 Cd 860 4344 2794 | 00004 003 26-1A 90°C vapor SAW
CWA 044 C4 860 4344 2798 | 00006 005 26-18 90°C aqueous SAW
CWA 045 C4 880 4344 2820 | 00008 {07 26-1B 90°C aqueous SAW
CWA 045 C4 860 4344 2807 | 00007 0086 26-1B 90°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification (g/ee) | time area loss rate | number-rack
(hours} | (sq cm} {a) (nmiy} number |

CWA 047 C4 860 8784 2800 | 00006 002 28-2A 80°C vapor SAW
CWA 048 C4 860 8784 2772 | 00008 003 26-2A 80°C vapor SAW
CWA 049 C4 860 8784 2803 | 00008 003 26-2A 90°C vapor SAW
CWA 050 C4 8 60 8784 28 21 0 0011 005 26-2B 90°C agueous SAW
CWA 051 C4 8 60 8784 2806 | 00012 005 26-2B 90°C aqueous SAW
CWA (52 C4 8 60 8784 27 87 00010 004 26-2B 90°C aqueous SAW
CWA 071 C4 860 4392 2783 | 00005 004 27-1A 60°C vapor SCW
CWA 072 C4 860 4392 2840 | 00002 002 27-1A 60°C vapor SCW
CWA 073 C4 8 60 4392 2762 | 00007 0086 27-1A 60°C vapor SCW
CWA 074 C4 860 4392 28 07 0 0008 007 27-1B 60°C agueous SCW
CWA 075 C4 8 60 4392 2772 | 00011 009 27-1B 60°C aqueous SCW
CWA 076 C4 8 60 4392 2823 | 00008 007 27-1B 60°C aqueous SCW
CWA 101 C4 860 4392 2832 | 00005 004 27-1A 60°C water line SCW
CWA 106 C4 860 4464 2790 | 00001 001 28-1A 90°C water line SCW
CWA 111 C4 8 60 4464 28 31 0 0001 001 28-1A 90°C vapor SCW
CWA 112 C4 8 60 4464 2820 | 00003 002 28-1A 90°C vapor SCW
CWA 113 G4 860 4464 2805 -0 0001 -0 28-1A 90°C vapor SCW
CWA 114 C4 8 60 4464 2796 | 00008 007 28-1B 90°C aqueous SCW
CWA 115 C4 8 60 4464 2790 | 00003 002 28-1B 90°C aqueous SCW
CWA 116 C4 8 60 4464 2817 | 00011 009 28-1B 80°C aqueous SCW
CWA 141 C4 8 60 4464 2836 | 00006 005 29-1A 60°C vapor SDW
CWA 142 C4 8 60 4464 2810 | 00002 002 29-1B 60°C aqueous SDW
CWA 151 C4 8 60 4484 27 92 0 000G 000 29-1A 60°C water line SDW
CWA 164 C4 8 60 4392 2815 00011 009 30-1A 90°C water line SDW
CWA 168 C4 8 60 4392 2815 | 00016 013 30-1A 80°C vapor SDW
CWA 169 C4 860 4392 28 11 00012 010 30-1B 90°C aqueous SDW
CW8B 001 C4 8 80 4296 2778 | 00001 001 25-1A 80°C vapor SAW
CWB 002 C4 860 4296 27 12 0 0001 001 25-1A 60°C vapor SAW
CW8B 003 C4a 8.60 4296 27 44 0 0007 006 25-1A 60°C vapor SAW
CwB 004 C4 8860 4296 2802 | 00001 -001 25-1B 60°C aqueous SAW
CWB 005 C4 8 60 4298 2777 | 00006 005 25-1B 60°C aqueous SAW
CWB 006 Cd 8 60 4296 2773 |00003| -003 25-1B 60°C aqueous SAW
CWB 007 C4 8 60 8376 2793 | 00001 000 25-2A 80°C vapor SAW
CwB 008 C4 860 8376 2762 | 00001 000 25-2A 60°C vapor SAW
CWB 009 C4 8 60 8376 2749 |-00003| 001 25-2A 80°C vapor SAW
CWB 010 C4 860 8376 27 63 | -0 0001 000 25-2B 80°C aqueous SAW
CWB 011 C4 8 60 8376 2768 | 00001 000 25-2B 60°C aqueous SAW
CWB 012 C4 8 60 8376 27 87 |-0 0001 000 25-2B 60°C aqueous SAW
CWB 031 C4 8 60 4296 2770 |-00003| -003 25-1B 60°C water line SAW
CWB 032 C4 8 60 8376 2748 |00003| 001 25-28 80°C water line SAW
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2.2 LLong-Term Corrosion Studies

Sample Alloy Density| Expasure | Surface | Weight | Carrosion Vessel Test environment

Identification (g/ce) time area loss rate number-rack
1 (hours) Lsc‘q_cm) (gL (provy) number

CWB036  |C4 ] 860 | 4344 | 2692 | 00010] 009 2618 |90°C water line SAW
CWB 037 C4 860 B784 2777 | 00Q1Q 004 26-28 80°C water line SAW
CWB 041 C4 8 60 4344 2764 | 00006 005 26-1A 90°C vapor SAW
CWB 042 Cc4 860 4344 2785 | 00006 005 26-1A 90°C vapor SAW
CWB 043 C4 860 4344 2715 | 00008 007 26-1A 80°C vapor SAW
CWB 044 C4 8 60 4344 2777 1 00004 003 26-1B 90°C agqueous SAW
CWwWB 045 C4 860 4344 2776 0 0002 002 26-1B 90°C aqueous SAW
CWB 048 C4 8 80 4344 27 90 0 0002 002 26-1B 90°C aqueous SAW
CWB 047 C4 880 8784 2800 | 00010 004 26-2A _‘ 90°C vapor SAW
CWB 048 C4 860 8784 2807 | 00012 005 26-2A 90°C vapor SAW
CWB 049 C4 880 8784 2824 | 0QQO11 005 26-2A 20°C vapor SAW
CWB 050 C4 860 | 8784 2783 | 00010 004 | 2628 90°C aqueous SAW
CWB 051 C4 8 60 8784 2812 | 00019 004 26-2B 90°C aqueous SAW
CWB 052 C4 8 60 8784 2794 | 00010 004 26-2B 90°C aqueous SAW
CwWB 071 C4 860 4392 2807 | 00005 0 04 27-1A 80°C vapor SCW
CwB 072 C4 880 4392 27 83 00010 008 27-1A 80°C vapor SCW
CWB 073 C4 8 60 4392 27 85 0 0007 006 27-1A 60°C vapor SCW
CWB 074 C4 8 60 4392 27 83 0 0007 006 27-18 80°C aqueous SCW
CWB 075 C4 8§60 4392 27 67‘J 00010 008 27-1B 60°C aqueous SCW
CWB 076 C4 860 4392 2735 | 00014 012 27-1B 60°C aqueous SCW
CWEB 101 C4 860 4392 27 44 00012 010 27-18 80°C water line SCW
CWB 106 C4 8 60 4464 2758 | 00008 007 28-1B 90°C water line SCW
CWB 111 C4 8 60 4464 27 65 0 0001 001 28-1A 90°C vapor SCW
CwB 112 C4 860 4464 2773 | 00000 000 |  28-1A 90°C vapar SCW
cwB 113 C4a 8 60 4464 2768 |-00001 001 28-1A 90°C vapor SCW
CWB 114 C4 8 80 4464 2803 | 00005 004 28-18 90°C aqueous SCW
CWB 115 c4 860 4464 2786 | 00004 003 28-1B 90°C aqueous SCW
(CWE 116 C4 860 4464 2777 | 00004 003 28-1B 90°C aqueous SCW
CWB 141 C4 8 60 4464 2787 | 00004 003 29-1A 80°C vapor SDW
CWB 142 c4 8 80 4464 27 99 0 0003 002 29-18 60°C aqueous SDW
CWEB 151 C4 8 60 4464 2819 | 00000 000 29-1B 60°C water line SDW
CWB 164 C4 8 60 4392 2803 | 00008 007 30-1B 90°C water line SDW
CWB 168 C4 880 4392 2779 | 00004 003 30-1A 90°C vapor SDW
CWB 163 G4 860 4392 2761 | 00011 009 30-1B 80°C aquecus SDW
DWA 001 caz2 8 60 4296 2817 | 00003 003 25-1A 60°C vapor SAW
DWA 002 ca2 8 60 4296 2815 |0 0006 005 25-1A 60°C vapor SAW
DWA 103 C22 880 4296 2804 { 00008 Q05 25-14, 60°C vapor SAW
DWA 004 c22 860 4286 2802 |-00007| D08 2518 60°C agueous SAW
DWA 005 Ga2 860 4296 2803 |-00004 -0 03 25-1B 60°C aqueous SAW
DWA 006 c22 860 4298 2822 |-00003| -003 25-1B B0°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corresion Vessel Test environment

identification (g/cc) time area loss rate number-rack
{hours) | {sq cm) (9} (Lm/y) number

EV;A 007 Ccz2 8 60 8376 2830 | 00004 002 25-2A 60°C vapor SAW
DWA 008 c22 8 60 8376 2g12 | 00003 001 25-2A 60°C vapor SAW
DWA 009 ce2 8 60 8376 2816 | 00006 003 25-2A 60°C vapor SAW
DWA 010 ce2 860 8376 27 99 0 0001 000 25-28 60°C aqueous SAW
DWA 011 c22 860 8376 2825 | 00004 002 25-2B 60°C aqueous SAW
DWA 012 ce2 860 8376 2804 | 00005 002 25-2B 60°C aqueous SAW
DWA 031 caez 8 60 4296 2778 |00004| 003 25-1A 60°C water line SAW
DWA 032 ca2 860 8376 2810 | 00003 001 25-2A 80°C water line SAW
DWA 036 cez 860 4344 2789 | 00002 002 26-1A 80°C water line SAW
DWA 041 caz2 860 4344 2814 | 00000 000 26-1A 90°C vapor SAW
DWA 042 caz2 860 4344 28 11 0 0006 005 26-1A 90°C vapor SAW
DWA 043 ca2 8 60 4344 2808 | 00010 008 26-1A 90°C vapor SAW
DWA 044 ca2 8 60 4344 2811 {00004 003 26-1B 90°C agueous SAW
DWA 045 c22 8 60 4344 2807 |-00005( 004 26-18 80°C agqueous SAW
DWA 046 ca2 8 60 4344 2808 { 00001 001 26-1B 90°C aqueous SAW
DWA 047 ca2 860 8784 2828 | 00005 002 26-2A 90°C vapor SAW
DWA 049 ca2 8 60 8784 2784 | 00005 002 26-2A 90°C vapor SAW
DWA 050 C22 8 60 8784 2804 | 00004 002 26-2B 90°C aqueous SAW
DWA 052 caz 860 8784 28 22 00002 001 26-2B 90°C aqueous SAW
DWA 071 c22 8 60 4392 28 20 00003 002 27-1A 60°C vapor SCW
DWA 072 Caz2 860 4392 2818 | 00004 003 27-1A 60°C vapor SCW
DWA 073 caz2 8 60 4392 2805 | 00010 008 27-1A 60°C vapor SCW
DWA 074 ca22 8 60 4392 2812 0 0011 009 27-1B 60°C aqueous SCW
DWA 075 cez2 8 60 4392 28 14 | 00009 007 27-1B 60°C aqueous SCW
DWA 078 ca22 8860 4392 28 29 0 0005 004 27-1B 60°C aqueous SCW
DWA 101 C22 860 4392 2837 | 00006 005 27-1A 60°C water line SCW
DWA 106 c22 860 4464 2812 | 00004 003 28-1A 80°C water line SCW
DWA 111 caz 860 4464 2813 | 00003 002 28-1A 90°C vapor SCW
DWA 112 ca2 8 60 4464 2836 { 00002 002 28-1A 80°C vapor SCW
DWA 113 ca2 8 60 4464 2823 | 00002 002 28-1A 90°C vapor SCW
DWA 114 cz22 860 4464 2824 |-0D0002 002 2B-1B 90°C aquecus SCW
DWA 115 ca2z2 860 4464 2812 00002 002 28-1B 90°C aqueous SCW
DWA 116 c22 860 4464 2807 | 00004 003 28-1B 90°C aqueous SCW
DWA 141 caz2 8 60 4464 2820 |00001| —-0O1 28-1A 60°C vapor SDW
DWA 142 ca2 8 60 4464 2821 |00002| -002 29-1B 60°C aqueous SDW
DWA 151 caz 8 60 4464 2814 | 00001 oM 29-1A 60°C water line SDW
DWA 164 ca2z2 860 4392 2819 | 00010 008 30-1A 90°C water line SDW
DWA 168 caz 8 60 4392 2807 | 00004 0.03 30-1A 80°C vapor SDW
DWA 169 Cc22 860 4392 2799 { 00008 007 30-18 90°C agueous SDW
DWB 001 ca2 860 4296 2739 | 00013 011 25-1A 60°C vapor SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure} Surface | Weight {Corrosion Vessel Test environment

identification (gfcc) time area loss rate number-rack
{hours) | {sq cm) (g} {um/y) number

DWE qo2 ca2 860 4206 2744 | 00019 016 25-1A  [80°C vapor SAW
DWB 003 c22 8 60 4296 27 54 0 0007 0 06—l 25-1A 80°C vapor SAW
DWB 004 caz 860 4296 2749 | 00000 000 25-1B  [60°C aqueous SAW
DWB 005 c22 B 60 4298 2746 { 00004 003 25-1B  160°C aqueous SAW
DWB 008 ca22 | 8860 4296 2732 | 00004 003 25-18 80°C agueous SAW
DWB 007 G2z 860 8376 27 50 0 0004 002 25-2A 60°C vapor SAW
DWE 008 ce2 8 80 8376 2732 | 00003 001 25-2A 60°C vapor SAW
DWB 009 C22 | 8 60 8376 27 47 0 0000 000 25-2A 80°C vapor SAW
DWB Q10 c22 860 8376 2734 |-00003; 001 25-2B 60°C aqueous SAW
DwB 011 c22 8 60 8376 2722 (00002, 001 25-2B 60°C aqueous SAW
DwB 012 c22 860 8376 27 31 {00001 000 25-28 €0°C aquecus SAW
DWB 031 Ccz2 860 4296 2760 |-00C04) -003 25-1B 680°C water ling SAW
DWB 032 ca2 860 8376 2760 | 00002 001 25-2B  |60°C water line SAW
DWE 036 22 860 4344 2755 | Q0001 0o 26-1B  |90°C water line SAW
DWB 037 caz2 8 60 8784 2743 |-00010| -DO4 26-2B  |90°C water line SAW
EWB 041 c22 860 4344 27 37 00005 004 26-1A 90°C vapor SAW
DWB 042 G22 860 4344 27183 00014 a1tz 26-1A 90°C vapor SAW
DWB 043 cz22 860 4344 27 64 0 0002_4 002 26-1A 50°C vapor SAW
DWB 044 c22 860 4344 2735 (00001 —001 26-1B 80°C aqueous SAW
DWB 045 c22 860 4344 2712 | Qo001 -0 01 26-1B 90°C agquegus SAW
DWB 046 ca22 880 4344 2687 |—00002) 002 26-1B 90°C agueous SAW
DWB 047 c22 | 8860 8784 2759 |-00001 000 28-2A 90°C vapor SAW
DWB 048 Cca2 Ta 60 8784 2703 | 00000 000 F—26-2A 90°C vapor SAW
DWB 049 c22 8 60 8784 27 69—1 0 0001 000 26-2A 90°C vapor SAW
DWB 050 c22 860 8784 2761 |[-00003] -0 26-2B 90°C agueous SAW
DWB 051 cz22 860 8784 2763 |-00003| -001 26-28 80°C aqueous SAW
DWB 052 c22 860 8784 2775 |-00010; 004 26-2B 90°C aqueous SAW
DWB 071 caz 860 4392 27 47 00003 003 27-1A 60°C vapor SCW
DWB 072 cz2 8 60 4392 27 61 00003 003 27-1A 60°C vapor SCW
DWB 073 ca22 860 4392 27 48 0 0004 003 27-1A 60°C vapor SCW
DWRB 074 caz2 880 4392 27 44 0 0005 004 27-1B 80°C aqueous SCW
DWB 075 ca22 860 4392 27 57 0 0004 003 2718 80°C aqueous SCW
DWB 076 caz2 860 4392 27 43 0 0008 007 27-1B 80°C aqueous SCW
DWB 101 ca22 860 4392 27 46 0 0008 007 27-1B 60°C water line SCW
DWB 106 ca22 860 4464 2764 | 00004 003 28-1B 90°C water line SCW
DWB 111 ca2 860 4464 27 45 0 0005 004 28-1A 90°C vapor SCW
rDWB 112 ca2 B60 4464 2733 | 00007 0086 28-1A  [90°C vapor SCW
DWE 113 ca22 860 4464 27 47 0 0004 003 28-1A 90°C vapor SCW
DWB 114 caz 860 4464 27 06 00009 008 28-1B 90°C aqueous SCW
DWB 115 ca22 8 60 4464 2704 | 00007 008 28-18  190°C aquecus SCW
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2.2 Long-Term Cotrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification (g/ce) time area loss rate number-rack
(hours) | (sqcm) (g) (um/y) number

DWB 118 caz2 8 60 446;— —27 44 | 00008 007 28-1B 90°C aqueous S(M
DWB 141 ca2 8 60 4464 2773 | 00003 002 29-1A  |60°C vapor SDW
DWB 142 c22 860 4464 27 44 | 00001 001 29-1B 60°C aqueous SDWﬁ‘
DWB 151 cez2 & 60 4464 2767 | 00001 001 29-1B 60°C water line SDW
DWB 164 c22 860 4392 27 61 0 0002 002 30-iB 90°C water line SDW
DWB 168 c22 860 4392 2776 | 00008 0407 30-1A 90°C vapar SDW
DWB 169 22 860 4392 2724 | 00003 003 30-1B 90°C agueous SDW
EWA 001 Ti Grade 12 4 43 4296 2824 | 00308 502 25-1A 60°C vapor SAW
EWA 002 Ti Grade 12 443 4296 28903 | 00310 493 25-1A B0°C vapor SAW
EWA 003 Ti Grade 12 443 4296 2864 | 00278 4 47 25-1A 60°C vapor SAW
EWA 004 Ti Grade 12 443 4296 2830 | 00230 374 25-1B 60°C aqueous SAW
EWA 005 Ti Grade 12 443 4296 2872 | 00254 407 25-1B 60°C agueous SAW
EWA 006 Ti Grade 12 4 43 4296 28566 | 00230 374 25-1B £0°C aqueous SAW
EWA 007 Ti Grade 12 443 8376 2831 |-00007| -006 25-2A 60°C vapor SAW
EWA 008 Ti Grade 12 443 8376 2835 |—00004| -003 25-2A 60°C vapor SAW
EWA 009 Ti Grade 12 443 8376 2842 |~00004| 003 25-2A 80°C vapor SAW
EWA 010 Ti Grade 12 443 8378 2854 |-00005f 004 25-2B 60°C aqueous SAW
EWA 011 Ti Grade 12 4 43 8376 2892 |-00008| 007 25-2B 80°C aqueous SAW
EWA 012 Ti Grade 12 443 8376 2839 |-00005; 004 25-2B 80°C aqueous SAW
EWA 031 Ti Grade 12 443 42986 28 31 0 0303 493 25-1A 60°C water line SAW
EWA 032 Ti Grade 12 443 8376 2869 |-00004] —003 25-2A 80°C water ling SAW
EWA 036 Ti Grade 12 443 4344 27 84 00158 258 26-1A 90°C water line SAW
EWA 037 Ti Grade 12 443 8784 2836 |-00004( 003 26-2A 90°C water line SAW
EWA 041 Ti Grade 12 443 4344 2805 | 00551 B 94 26—1A  |90°C vapor SAW
EWA 042 Ti Grade 12 443 4344 2840 | 00212 340 26-1A 90°C vapor SAW
EWA 043 Ti Grade 12 443 4344 28 61 0 0550 875 26-1A 80°C vapor SAW
EWA 044 Ti Grade 12 443 4344 2876 00270 4 27 26-1B 90°C aqueous SAW
EWA 045 Ti Grade 12 443 4344 2908 | 00357 559 26-1B 90°C aqueous SAW
EWA 046 Ti Grade 12 443 4344 2843 | 00150 2 40 26-1B 90°C aqueous SAW
EWA 047 Ti Grade 12 443 8784 2890 {-00001| 001 26-2A 90°C vapor SAW
EWA 048 Ti Grade 12 443 8784 2854 |-00007| -006 26-2A 90°C vapor SAW
EWA 049 Ti Grade 12 443 B784 2874 |-00010! -008 26-2A 90¢C vapor SAW
EWA 050 Ti Grade 12 443 8784 2869 |-00021| 016 26-2B 90°C aqueous SAW
EWA 051 Ti Grade 12 443 8784 2824 |-00013] -010 26-2B 90°C aqueous SAW
EWA 052 Ti Grade 12 443 8784 2824 [-00022| -018 26-2B 90°C aqueous SAW
EWA 071 Ti Grade 12 4 43 4392 2832 | 00404 B 42 27-1A 60°C vapor SCW
EWA 072 Ti Grade 12 443 4392 28 51 {0 0527 832 27-1A 60°C vapor SCW
EWA Q73 Ti Grade 12 443 4392 2860 | 00539 8 49 27-1A  |60°C vapor SCW
EWA 074 Ti Grade 12 4 43 4392 2814 | 0.0532 8 51 27-18 60°C aqueous SCW
EWA Q75 Ti Grade 12 443 4392 28 50 0 0440 6 95 27-18 80°C agueous SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure{ Surface [ Weight [Corrosion Vessel Test environment

identification (a/cc) time area loss rate number-rack
{hours) | (sqcm) (a) (pumdy) numbher

EWA 076 Ti Grade 12 443 4392 2863 | 00470 739 —‘r 27-1B 60°C agueous SCW
EWA 077 Ti Grade 12 443 8760 2360 | -00003] 0402 27-2A 60°C vapor SCW
EWA 078 Ti Grade 12 443 8760 2823 (00001, 001 27-2A 60°C vapor SCW
EWA 079 Ti Grade 12 443 8760 2843 (00002 002 27-2A 60°C vapor SCW
EWA 080 Ti Grade 12 443 8760 2886 | 00022 017 27-2B 80°C aqueous SCW
EWA 081 Ti Grade 12 443 8760 2854 | 00012 009 27-28 80°C agueous SCW
EWA 082 Ti Grade 12 443 8760 2835 | 00020 016 27-2B 60°C aqueous SCW
EWA 101 Ti Grade 12 443 4392 29 06 00491 7 61 27-1A 60°C water line SCW
EWA 102 Ti Grade 12 443 a 8760 2918 | 00014 009 27-2A 60°C water line SCW
EWA 106 Ti Grade 12 443 4464 2810 0 0376 593 28-1A 90°C water line SCW
EWA 111 Ti Grade 12 4 43 4484 2834 | 00207 324 29-1A 90°C vapor SCW
EWA 112 Ti Grade 12 443 4464 2858 | 00261 404 28-1A 90°C vapor SCW
EWA 113 Ti Grade 12 443 4464 2860 | 00309 479 28-1A 80°C vapor SCW
EWA 114 Ti Grade 12 443 4464 2798 | 00397 629 28-1B 80°C agueous SCW
EWA 115 Ti Grade 12 4 43 4464 2865 | 00485 765 28-1B 80°C aqueous SCW
EWA 116 Ti Grade 12 443 4464 2865 0 0408 J!‘ 628 28-1B 90°C aqueous SCW
EWA 141 Ti Grade 12 443 4464 2837 | 0029 462 29-1A 60°C vapor SDW
EWA 142 Ti Grade 12 443 4484 2904 | 00236 380 23-1B £0°C agueous SDW
EWA 151 Ti Grade 12 443 4464 2912 | 00327 498 29-1A 60°C water line SDW
EWA 164 Ti Grade 12 443 4392 27 80 0 0349 565 30-1A 90°C water line SDW
EWA 168 Tt Grade 12 443 4392 2772 00377 612 30-1A 90°C vapor SDW
EWA 169 Ti Grade 12 443 4392 27 65 00328 534 30-1B 90°C aqueous SDW
EWD 001 Ti Grade 12 443 4296 2896 [ 00688, 1093 25-1A 60°C vapor SAW
EWD 002 Ti Grade 12 443 4296 2903 {1822 28 89 25-1A 80°C vapor SAW
EWD 003 Ti Grade 12 443 4296 2905 | 00433 B 86 25-1A 80°C vapor SAW
EWD 004 Ti Grade 12 4 43 4296 2919 | 00123 194 25-1B 60°C aqueous SAW
EWD 005 Ti Grade 12 443 4296 28 99 0 0369 586 25-18 60°C aqueous SAW
EWD 006 Ti Grade 12 443 4298 2922 | 00384 605 25-1B 60°C aqueous SAW
EWD 007 Ti Grade 12 443 8376 2908 | 00001 001 25-2A 60°C vapor SAW
EWD 008 Ti Grade 12 443 8376 2899 [-00004 003 25-2A 60°C vapor SAW
EWD 009 Ti Grade 12 443 8376 2908 ; 00003 002 25-2A 80°C vapor SAW
EWD 010 Ti Grade 12 443 8376 2917 {-00004] 003 25-2B 80°C aqueous SAW v_ |
EWD 011 Ti Grade 12 4 43 8376 2911 |-00004{ 003 25-28 680°C agueous SAW
EwWD 012 Ti Grade 12 443 8376 2877 1000045 -003 25-28 80°C aqueocus SAW
EWD 031 Ti Grade 12 443 4296 2925 | 01630 2565 25-1B 60°C water line SAW
EWD 032 Ti Grade 12 443 8376 2922 |-00005| 004 25-2B 60°C water line SAW
EwD 036 Ti Grade 12 443 4344 2309 | 00192 300 26-18 90°C water line SAW
EWD 037 Ti Grade 12 443 8784 2578 |-00011| 009 26-2B 90°C water line SAW
EWD 041 Ti Grade 12 4 43 4344 2924 | 00211 328 26-1A 90°C vapor SAW
EWD 042 Ti Grade 12 443 4344 2916 | 00878 1058 26-1A 90°C vapor SAW
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2.2 Long-Term Cotrosion Studies

Sample Alloy Density} Exposure | Surface | Weight |Corrosion Vessel Test environment

identification {(g/ec) time area loss rate number-rack
(hours) | (sq em) (q) {(um/y) number

EWD 043 Ti Grade 12 4 43 4344 2922 | 00468 729 26-1A 90°C vapor SAW
EWD 044 Ti Grade 12 443 4344 2923 | 00237 369 26-1B 90°C aqueous SAW
EWD 045 Ti Grade 12 443 4344 2022 | 00178 277 26-1B 80°C aqueous SAW
EWD 046 Ti Grade 12 4 43 4344 2910 | 00240 375 26-1B 80°C aqueous SAW
EWD 047 Ti Grade 12 443 8784 2914 |00012| 009 26-2A 90°C vapor SAW
EWD 048 Ti Grade 12 443 8784 29 21 0 0000 0 Q0 26-2A  [90°C vapor SAW
EWD 049 Tl Grade 12 443 8784 2915 |00008] 005 26-2A 90°C vapor SAW
EWD 050 Ti Grade 12 443 8784 2909 |-00028| -022 26-28 90°C aqueous SAW
EWD 051 Ti Grade 12 443 8784 2867 |-00018) 015 26-2B 80°C aqueous SAW
EWD 052 Ti Grade 12 443 8784 29.20 |00020| -~015 26-2B 90°C aqueous SAW
EWD 071 Ti Grade 12 443 4392 2895 | 00434 675 27-1A 60°C vapor SCW
EWD 072 Ti Grade 12 443 4392 2913 | 00370 572 27-1A  |60°C vapor SCW
EWD 073 Ti Grade 12 4 43 4392 29.19 | 00428 6 80 27-1A B0°C vapor SCW
EWD 074 Ti Grade 12 443 4392 29 09 00325 503 27-1B B0°C aqueous SCW
EWD 075 Ti Grade 12 443 4392 2912 | 00489 756 27-18 60°C agueous SCW
EWD 076 Ti Grade 12 443 4392 2897 | 00371 577 27-1B 80°C agueous SCW
EWD 077 Ti Grade 12 443 8760 29 21 0 0003 002 27-2A 60°C vapor SCW
EWD 078 Ti Grade 12 443 8760 2914 |-00002 -0 02 27-2A 60°C vapor SCW
EWD 079 Ti Grade 12 443 8760 2921 |00002] —002 27-2A 60°C vapor SCW
EWD 080 Ti Grade 12 443 8760 2017 | 00009 007 27-2B 60°C aqueous SCW
EWD 081 Ti Grade 12 443 8760 2910 0 0007 005 27-2B 60°C aqueous SCW
EWD 082 Ti Grade 12 443 8760 29 11 00010 008 27-28 80°C aqueous SCW
EWD 101 Ti Grade 12 443 4392 2912 | 00445 6 88 27-1B 60°C water line SCW
EWD 102 Ti Grade 12 443 8760 2912 | 00008 006 27-2B 60°C water line SCW
EWD 106 Ti Grade 12 443 4464 29 08 00815 12 41 28-1B 90°C water line SCW
EWD 111 Ti Grade 12 443 4464 2882 | 00316 4 86 28-1A  |90°C vapor SCW
EWD 112 Ti Grade 12 443 4464 29 21 00411 623 28-1A 90°C vapor SCW
EWD 113 Ti Grade 12 443 4464 2896 | 00244 373 28-1A  |90°C vapor SCW
EWD 114 Ti Grade 12 443 4464 2895 | 00426 6 52 28-1B  |50°C aqueous SCW
EWD 115 Ti Grade 12 4 43 4464 28 71 02063| 3184 28-1B 80°C agueous SCW
EWD 118 Ti Grade 12 443 4464 29 11 00631 860 28-1B 90°C agueous SCW
EWD 141 Ti Grade 12 443 4464 2004 | 00260 397 29-1A 60°C vapor SDW
EWD 142 Ti Grade 12 443 4464 2893 | 00617 g45 29-1B 60°C agueous SDW
EWD 151 Ti Grade 12 443 4464 2889 | 00399 610 29-1B 60°C water line SDW
EWD 164 Ti Grade 12 443 4392 27 37 00331 544 30-1B 90°C water line SDW
EWD 168 Ti Grade 12 443 4392 2766 | 00338 550 30-1A  |{90°C vapor SDW
EWD 169 Ti Grade 12 443 4392 37 86 0 0386 4 59 30-1B 90°C aqueous SDW
FWA 001 Ti Grade 16 4.52 4296 2727 | 00188 311 25-1A  180°C vapor SAW
FWA 002 Ti Grade 16 4 52 4296 2746 | 00222 365 25-1A  [80°C vapor SAW
FWA 003 Ti Grade 16 452 4296 2735 | 00259 4.27 25-1A  |60°C vapor SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density] Exposure | Surface | Weight | Corrosion Vessel Test environment

identification (g/ce) time area loss rate number-rack
(hours) | (sq cm) () (um/y) number

FWA 004 Ti Grade 16 452 4296 2768 |00001| 002 25-18 60°C aqueous SAW
FWA 005 Ti Grade 16 452 4296 2725 | Q0000 000 | 25-1B 60°C aqueous SAW |
FWA 006 Ti Grade 16 452 4296 2736 (-Q0002| -003 25-18 60°C aqueous SAW
FWA 007 Ti Grade 16 452 8376 2758 |-00004( —003 25-2A 60°C vapor SAW
FWA 008 Ti Grade 16 452 8376 27688 (-00002| 002 25-2A 60°C vapor SAW
FWA 009 Ti Grade 16 452 8376 2762 |—00003| -003 25-2A 60°C vapor SAW
FWA Q10 Ti Grade 16 452 8376 2743 {00002 -002 25-28 80°C aqueaus SAW
FWA 011 Ti Grade 16 452 8376 2744 |-00003| -003 25-28 60°C agueous SAW
FWA 012 Ti Grade 16 452 8376 2696 |-00003| -003 25-28 60°C aqueous SAW
FWA 031 Ti Grade 18 452 4296 2768 | 00001 Q02 25-1A 60°C water line SAW
FWA Q32 Ti Grade 16 4 52 8376 2735 ;-00003) 003 25-2A 80°C water line SAW
FWA 036 Ti Grade 16 4 52 4344 2765 | 00166 268 26-1A 90°C water line SAW
FWA 037 Ti Grade 16 452 8784 | 2760 |-00025| 020 26-2A 90°C water line SAW
FWA D41 Tt Grade 16 452 4344 2758 | 00198 320 261A 90°C vapor SAW
FWA 042 Ti Grade 16 452 4344 27 50 00187 303 26-1A 90°C vapor SAW
FWA 043 Ti Grade 18 452 4344 2762 | 00223 360 26-1A 90°C vapor SAW
FWA 044 Ti Grade 16 452 4344 2748 | 00143 232 26-1B 90°C agueous SAW
FWA 045 Tt Grade 16 452 4344 27 47 00148 240 26-18 90°C agueous SAW
FWA 046 Ti Grade 16 452 4344 2758 | 0127 205 26-1B 90°C aqueous SAW
FWA 047 Ti Grade 16 452 8784 2760 |-000057 004 26-2A 80°C vapor SAW
FWA 048 Ti Grade 16 452 8784 2756 |-00006] 005 26-2A 80°C vapor SAW
FWA 049 Ti Grade 16 452 8784 2763 |-00004| -003 26-2A 80°C vapor SAW
FWA 050 Ti Grade 16 452 8784 2756 |-00017] 014 | 2628 80°C agqueous SAW
FWA 051 Ti Grade 16 4 52 8784 2775 |-00020] 016 26-2B 90°C aqueous SAW—T
FWA 052 Ti Grade 16 452 8784 2764 |-00016| ~-013 26-28 90°C aqueous SAW
FWA Q71 Ti Grade 16 452 4392 2770 00177 282 27-1A 60°C vapor SCW
FWA 072 Ti Grade 16 452 4392 2737 0 0310 500 27-1A 80°C vapor SCW
FWA 073 Ti Grade 16 452 4392 27 51 001396 314 27-1A 60°C vapor SCW |
FWA 074 Ti Grade 18 452 4392 2777 | 00214 340 27-1B 60°C aqueous SCW
FWA 075 Ti Grade 16 4 52 4392 2768 | 00147 234 27-1B 60°C aqueous SCW
FWA 076 Ti Grade 16 452 4392 2673 00181 299 27-1B 60°C aqueous SCW
FWA 077 Ti Grade 16 452 8760 2769 [—00007) 006 27-2A 60°C vapor SCW
FWA 078 Ti Grade 18 452 8760 27 65 {0000 Q00 27-2A 60°C vapor SCW
FWA 079 Ti Grade 16 452 8760 2798 |-00004| 003 27-2A 60°C vapor SCW
FWA 080 Ti Grade 16 | as2 8760 2776 [-00002| 002 27-28 60°C aqueous SCW
FWA Q81 Ti Grade 18 452 8760 2771 0 Q002 Q02 27-28 80°C aqueous SCW
FWA 082 Ti Grade 16 452 8780 2753 | 00002 002 27-28 60°C aqueous SCW
FWA 101 Ti Grade 16 452 4382 2776 | 00238 378 27-1A 60°C water line SCW
FWA 102 Ti Grade 16 452 8760 27 66 27-2A, 60°C water line SCW
FWA 106 Ti Grade 16 452 4464 2780 | 00241 76 28-1A 90°C water line SCW
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2.2 Long-Term Cotrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification (g/cc) time area loss rate number-rack
(hours} | (sq cm) {g) {um/y) number

FWA 111 Ti Grade 16 452 4464 2780 | 00290 453 28-1A 90°C vapor SCW
FwaA 112 Ti Grade 16 452 4464 27 63 00640 | 1006 28-1A  [90°C vapor SCW
FWA 113 Ti Grade 18 452 4464 2759 | 00295 4 64 28-1A 904C vapor SCW
FWA 114 Ti Grade 16 452 4484 2746 | 00361 571 28-1B 90°C aqueous SCV‘
FWA 115 Ti Grade 168 452 4464 2753 | 00314 495 28-1B 90°C aqueous SCW
FWA 116 Ti Grade 16 4 52 4464 2764 | 00343 539 28-1B 90°C aqueous SCW
FWA 141 Ti Grade 16 4 52 4464 27 81 00249 389 29-1A 80°C vapor SDW
FWA 142 Ti Grade 16 452 4464 2763 | 00238 374 29-1B 60°C aqueous SDW
FWA 151 Ti Grade 16 4 52 4464 2772 | 00608 952 29-1A  |80°C water line SDW
FWA 164 Ti Grade 16 452 4392 2744 | 00262 421 30-1A 80°C water line SDW
FWA 168 Ti Grade 16 452 4392 2724 | (0245 397 30-1A 80°C vapor SDW
FWA 169 Ti Grade 16 4 52 4392 2744 | 00236 379 30-18 90°C aqueous SDW
FWE 001 Ti Grade 18 452 4286 27 42 00382 5986 25-1A 60°C vapor SAW
FWE 002 Ti Grade 16 452 4296 2762 0 0425 694 25-1A 60°C vapor SAW
FWE 003 Ti Grade 16 4 52 4296 2813 | 00322 516 25-1A 60°C vapor SAW
FWE 004 Ti Grade 16 452 4296 28 10 00110 177 25-1B 60°C aqueous SAW
FWE 005 Ti Grade 16 452 4296 2793 | 00099 160 25-1B 60°C aqueous SAW
FWE 006 Ti Grade 16 452 42986 281 00128 206 25-1B 60°C aqueous SAW
FWE 007 Ti Grade 16 452 8376 2806 [-00003] 002 25-2A 60°C vapor SAW
FWE 008 Ti Grade 16 452 8376 2820 |-00007) -DO0B 25-2A  |B80°C vapor SAW
FWE 009 Ti Grade 16 452 8376 2802 |000068| 005 25-2A 60°C vapor SAW
FWE 010 Ti Grade 16 452 8378 2814 |—00004] 003 25-28 60°C agueous SAW
FWE 011 Ti Grade 16 4 52 8376 2791 (00006 -0D05 25-2B 80°C aqueous SAW
FWE 012 Ti Grade 16 452 8376 2804 (00005 004 25-28 60°C aqueous SAW
FWE 031 Ti Grade 16 452 4296 27 84 0 0008 013 25-1B 60°C water line SAW
FWE 032 Ti Grade 16 452 8376 2763 |-00007| -006 25-2B 80°C water line SAW
FWE 036 Ti Grade 16 452 4344 2806 | 00181 288 26-1B 50°C water line SAW
FWE 037 Ti Grade 16 4 52 8784 2754 (00027 022 26-2B 90°C water line SAW
FWE 041 Ti Grade 16 452 4344 27 89 0g212 33¢ 28-1A 90°C vapaor SAW
FWE 042 Ti Grade 16 4.52 4344 2774 | 00331 532 26-1A 90°C vapor SAW
FWE 043 Ti Grade 16 4 52 4344 2793 | 00204 325 26-1A 90°C vapor SAW
FWE 044 Ti Grade 16 452 4344 2801 |-00011 -0 18 26-1B8 90°C aqueous SAW
FWE 045 Ti Grade 16 452 4344 28 01 00110 175 26-1B 90°C aqueous SAW
FWE 046 Ti Grade 16 452 4344 2779 001N 178 26-1B 90°C agueous SAW
FWE 047 Ti Grade 16 452 8784 2749 | 00009 007 26-2A 90°C vapor SAW
FWE 048 Ti Grade 16 4 52 8784 2799 |-00006| D05 26-2A  |90°C vapor SAW
FWE 049 Ti Grade 16 4 52 8784 2798 |-00002] 002 26-2A 90°C vapor SAW
FWE 050 Ti Grade 16 452 8784 2809 [00016| -013 26-28 90°C aqueous SAW
FWE 051 Ti Grade 16 452 8784 2773 |-00018| 014 26-2B 80°C aqueous SAW
FWE 052 Ti Grade 16 452 8784 2777 |-00021 017 26-28 90°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure| Surface | Weight | Corrosion Vessel Test environment

idesntification {g/cc) time area loss rate number-rack
(hours) | (sq cm) (9) (um/y) number

FWE 071 Ti Grade 16 452 4392 2773 | 00201 320 27-1A 80°C vapor SCW
FWE 072 Ti Grade 16 452 4392 27 H 00216 342 27-1A 60°C vapor SCW
FWE 073 Ti Grade 16 452 4392 2766 | 00311 496 27-1A 60°C vapor SCW
FWE 074 Ti Grade 16 452 4392 2815 | 00240 376 27-18 80°C agueous SCW
FWE 075 Ti Grade 16 452 4392 27 99 00214 337 27-1B 60°C aqueous SCW
FWE Q76 Ti Grade 18 4 52 4392 27 51 00187 300 27-1B 60°C aqueous SCW
FWE 077 Ti Grade 16 4 52 8760 27 68 27-2A 80°C vapor SCW
FWE 078 Ti Grade 16 452 8760 2805 |-00007) -006 27-2A 60°C vapor SCW
FWE 079 Ti Grade 16 452 8760 2794 | 000 0 01 27-2A 60°C vapor SCW
FWE 080 Ti Grade 16 452 8760 2799 1 00001 0 o1 27-28 60°C aqueous SCW
FWE 081 Ti Grade 16 452 8760 2816 | 00003 002 27-2B 80°C agueous SCW
FWE 082 Ti Grade 16 452 8760 2785 | 00009 Q07 27-2B 60°C aqueous SCW
FWE 101 Ti Grade 18 452 4392 2772 00299 476 27-1B 680°G water line SCW
FWE 102 Ti Grade 16 452 8760 2795 t 00010 008 27-2B 60°C water line SCW
FWE 106 Ti Grade 16 452 4464 2749 | 00294 464 28-1B 90°C water line SCW
FWE 111 Ti Grade 16 452 4464 24 21 00292 449 28-1A 90°C vapor SCW
FWE 112 Ti Grade 16 452 4464 27 85 00192 295 28-1A 90°C vapor SCW
FWE 113 Ti Grade 18 452 4464 28 11 0 0289 448 28-1A 90°C vapor SCW
FWE 114 Ti Grade 18 452 4464 2803 10326 5058 28-1B 90°C agqueous SCW
FWE 115 Ti Grade 18 452 4484 2774 | 00831 13 01 28-18 90°C aqueous SCW
FWE 116 Ti Grade 16 452 4464 28 00 00362 | 561 28-1B 80°C aqueous SCW
FWE 141 Ti Grade 16 452 4464 27 67 00158 248 | 28-1A 60°C vapor SDW
FWE 142 Ti Grade 16 452 4464 27 57 0 0267 420 23-1B 80°C agueous SDW
FWE 151 Ti Grade 18 452 4464 27 87 00271 422 29-1B 60°C water line SDW
FWE 164 Ti Grade 16 452 4392 2738 [ 00253 408 30-1B 90°C water line SDW
FWE 168 Ti Grade 16 452 4392 2760 | 00177 283 30-1A 90°C vapor SDW
FWE 169 Tl Grade 16 4 52 4392 2757 | 00472 7 55 30-1B 80°C aqueous SDW
GWA 001 Monel 400 880 4536 2849 0 0061 047 19-1A 60°C vapor SAW
GWA 002 Mone! 400 8 80 4536 2820 [ Q0117 Qo 19-1A 60°C vapor SAW
GWA 003 Monel 400 880 4536 28 39 00153 118 19-1A 60°C vapor SAW
GWA 004 Monel 400 880 4536 28 40 14796 11433 19-1B 60°C aqueous SAW
GWA 005 Manel 400 8 80 4536 27 93 14297 11233 19-18 60°C aqueous SAW
GWA 006 onel 400 880 4536 2838 15462| 11957 19-1B 60°C agqueous SAW
GWA 007 Monel 400 8 80 8760 2804 | 00110 045 19-2A 80°C vapor SAW
GWA 008 Monel 400 8 80 8760 2798 | 00119 048 19-2A 60°C vapor SAW
GWA 009 Mone! 400 8 80 8760 | 2843 | 00108 043 19-2A 80°C vapor SAW
GWA 010 Manel 400 880 8760 28 53 16761 66 76 19-28B 60°C aqueous SAW
GWA 011 Monel 400 880 8760 28 51 16655 6639 19-2B 60°C aqueous SAW
GWA 012 Mone! 400 880 87860 27 99 16915y €868 19-28 80°C aquecus SAW
GWA 031 Mone! 400 8 80 4536 27 71 10818 8568 13-1A 60°C water line SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density] Exposure | Surface | Weight | Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours} | (sqcm) (g) {um/ty) number

GWA 032 Monel 400 880 8760 2775 13017 5330 19-2A 60°C water ”;F: SAW
GWA 036 Monel 400 880 4392 2802 | 07423| 6005 18-1A  [90°C water line SAW
GWA 037 Monel 400 8 80 8760 27 93 08876 3611 18-2A 90°C water line SAW
GWA 041 Monel 400 880 4392 2875 | 00487 384 18-1A 90°C vapor SAW
GWA 042 Maonel 400 880 4392 2873 0 0568 4 48 18-1A 90°C vapor SAW
GWA 043 Monel! 400 880 4392 2794 | 00522 423 18-1A 90°C vapor SAW
GWA (044 Monel 400 880 4392 2867 | 09861 77 96 18-1B 90°C agueous SAW
GWA 045 Monel 400 8 80 4392 27 60 10208 8384 18-1B 90°C aqueous SAW
GWA 046 Monel 400 8 80 4392 28 37 10802 8629 18-1B 90°C aqueous SAW
GWA 047 Monel 400 880 8760 2842 | 00491 198 18-2A 90°C vapor SAW
GWA 048 Monel 400 8 80 8760 28 26 0 0504 203 18-2A 90°C vapor SAW
GWA 049 Monel 400 8 80 8760 27 91 00580 236 18-2A 90°C vapor SAW
GWA (50 Mone! 400 880 8760 28 61 11329| 4500 18-2B 90°C aqueous SAW
GWA 051 Monel 400 8 80 8760 27 84 11457 | 4676 18-2B 90°C aqueous SAW
GWA 052 Monel 400 8 80 8760 28 66 11759 4663 18-28 90°C aqueous SAW
GWF 001 Monel 400 880 4536 2717 | 00107 086 19-1A 80°C vapor SAW
GWF 002 Monel 400 880 4536 2777 00143 113 18-1A 60°C vapor SAW
GWF 003 Maonel 400 8 80 4536 2777 | 00129 102 19-1A 80°C vapor SAW
GWF 004 Manal 400 8 8Q 4536 27 53 147211 11734 19-18 680°C aqueous SAW
GWF 005 Monel 400 880 4536 27 49 15264 | 12187 19-1B 60°C aqueous SAW
GWF 006 Monel 400 8 80 4536 2718 15832 12784 19-1B 60°C aqueous SAW
GWF 007 Monel 400 8 80 8760 27 29 00185 077 19-2A 80°C vapor SAW
E‘«WF 008 Monel 460 880 8760 2780 | 00337 138 19-2A 60°C vapor SAW
GWF 009 Manel 400 8 B0 8760 2776 | 00319 131 19-2A 60°C vapor SAW
GWF 010 Monel 400 8 80 8760 27 85 15732 6419 19-28 80°C aqueous SAW
GWF 011 Monel 400 8 80 8760 27 38 15294 6347 19-28 60°C aqueous SAW
GWF 012 Monel 400 880 8760 27 16 1 5600 65 26 19-2B 60°C aqueous SAW
GWF 031 Monel 400 8 80 4536 2712 10996| 8897 19-1A 60°C water line SAW
GWF 032 Monel 400 880 8760 27 97 13393 54 42 19-2A 60°C water line SAW
GWF 036 Monel 400 880 4392 2695 | 06858| 5768 18-1A 20°C water line SAW
GWF 037 Monel 400 8 80 8760 2738 | 09458| 3926 18-2A 90°C water line SAW
GWF 041 Monel 400 8 80 4392 2764 | 00480 394 18-1A 90°C vapor SAW
GWEF 042 Monel 400 8 80 4392 27 49 00518 427 18-1A 90°C vapor SAW
GWF (43 Monel 400 8 80 4392 2769 | 00424 347 18-1A 90°C vapor SAW
GWF 044 Monel 400 8 80 4392 26 87 10116| 8533 18-1B 90°C aqueous SAW
GWF 045 Monel 400 380 4332 27 40 10926] 8038 18-1B 90°C agueous SAW
GWF 046 Monel 400 880 4392 27 27 11571 96 15 18-1B 90°C aqueous SAW
GWF 047 Monel 400 8 80 8760 2729 | 00580 233 18-2A 90°C vapor SAW
GWF 048 Maonetl 400 880 8760 2690 | 00460 194 18-2A 90°C vapor SAW
GWF 049 Monel 400 880 8760 27 30 00526 219 18-2A 90°C vapor SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density] Exposure | Surface | Welght | Corrosion Vessel Test envirenment

identification {gfce) time area loss rate number-rack
{hours) | (sq cm) {a) (nmiy) number

GWF 050 Monel 400 8 80 8760 27 6; 11954 4914 18-28 90°C aqueous SAW
GWF 051 Monet 400 880 8760 27 66 12342 5070 18-2B 90°C agusous SAW
GWF 052 Monel 400 8 B0 8760 27 27 12562| 5235 18-2B 80°C aqueous SAW
HWA 001 CDA 715 894 4536 27 51 0 0402 316 19-1A 60°C vapor SAW
HWA 002 CDA 715 894 4536 2758 | 00543 425 19-1A 80°C vapoer SAW
HWA 003 CDA 715 894 4536 2822 | 00618 473 19-1A 80°C vapor SAW
HWA 004 CDA 715 894 4536 2784 | 32743 25402 19-1B 60°C aqueous SAW
HWA 005 CDA 715 894 4536 2787 | 34426| 26683 19-1B 60°C aqueous SAW
HWA 006 CDA 715 894 4536 279 37590| 25090 1 9~W3_—] 60°C aqueous SAW
HWA 007 CDA 715 894 | 8780 27 71 00814 329 19-24 60°C vapor SAW
HWA Q08 CDA 715 8 94 8760 2780 | 00895 380 19-24 680°C vapor SAW
HWA 009 CDA 715 894 8760 2777 | 00993 400 19-2A 60°C vapor SAW
HWA 010 CDA 715 894 8760 27 99 33825 13518 19-2B 60°C aqueous SAW
HWA 011 CDA 715 894 8760 2733 | 334211 13877 19-28 80°C aqueous SAW
HWA 012 CDA 715 8 54 B760 2757 | 35737 14497 19-2B 60°C aqueous SAW
HWA 031 CDA 715 894 4536 2748 | 47230 37132 19-1A 60°C water line SAW
HWA (32 CDA 715 894 8760 2765 | H45661 22073 19-24 6Q°C water line SAW
HWA 036 CDA 715 8 54 4302 2779 | 35809 28780 18-1A 90°C water line SAW
HWA 037 CDA 715 8 94 8760 2795 | 61186 24487 18-2A 90°C water line SAW
HWA 041 CDA 715 894 4392 2779 0 2227 17 88 18-1A 90°C vapor SAW
HWA 042 CDA 715 | 894 4392 2764 | 01531 1% 13-1A 90°C vapor SAW
HWA 043 CDA 715 894 4392 2772 | 01116 898 18-1A 90°C vapor SAW
HWA 044 CDA 715 8 94 4392 2826 | 32813 25903 18-1B 90°C aqueocus SAW
HWA 045 CDA 715 894 4392 2798 | 32059 25582 18-1B 90°C agueous SAW
HWA 048 CDA 715 894 4392 2748 | 36026| 29246 18-1B 90°C aqueous SAW
HWA 047 CDA 715 8 94 8760 27 86 0 3061 1229 18-2A 90°C vapor SAW
HWA 048 CDA 715 894 8760 2794 | 02588) 1035 18-2A 90°C vapor SAW
HWA 049 CDA 715 8 54 8760 2822 | 01536 7 67 18-2A 90°C vapor SAW
HWA 050 CDA 715 894 8760 2812 | 42182| 16779 18-2B 90°C aqueous SAW
HWA 051 CDA 715 894 8760 2778 60110 | 24205 18-2B 90°C aqueocus SAW
HWA 052 CDA 715 8 94 8760 27 54 38218 15524 18-2B 90°C aqueous SAW
HWG 001 CDA 715 8 94 4536 26 81 0 0435 350 19-1A 60°C vapor SAW
HWG 002 CDA 715 894 4536 2689 { 00484 389 19-1A 60°C vapor SAW
HWG 003 CDA 715 894 4536 2688 | 00660 530 18-1A 60°C vapor SAW
HWG 004 CDA 715 894 4536 2674 | 25337| 20466 18-1B 60°C aqueous SAW
HWG 005 CDA 715 894 4536 2666 | 27715 22456 19-1B 60°C aqueous SAW
HWG 006 CDA 715 8 94 4536 2653 | 31442| 25599 19-1B 60°C agueous SAW
HWG 007 CDA 715 894 8760 2672 | 00562 235 19-2A 60°C vapor SAW
HWG 008 CDA 715 894 8760 2674 | 00939 393 19-2A 60°C vapor SAW
HWG 009 CDA 715 294 8760 26 81 Q1004 418 19-28 80°C vapor SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

Identification {g/cc) time area loss rate number-rack
{hours} | (sq cm) {9) {um/y) number

HWG 010 CDA 715 894 8760 26 56 28060 | 10974 19-2B 60°C aqueous SAWJ
HWG 011 CDA 715 8.94 8760 26 B3 27953 ] 11654 19-2B 60°C aqueous SAW
HWG 012 CDA 715 894 8760 2673 | 30622| 12813 19-2B 60°C agueous SAW
HWG 031 CDA 715 894 4536 2683 | 53929| 43428 19-1A B0°C water line SAW |
HWG 032 CDA 715 894 8760 26 89 50682 21041 19-2A 60°C water line SAW
HWG 036 CDAT15 894 4392 26 83 339351 28214 18-1A 90°C water line SAW
HWG 037 CDA 715 894 8760 2677 | 47066 | 19668 18-2A 90°C water ling SAW
HWG 041 CDA 715 8 94 4392 2682 | 01346 1120 18-1A 90°C vapor SAW
HWG 042 CDA 715 894 4392 26 92 0 1047 8 68 18-1A 90°C vapor SAW
HWG 043 CDA 715 894 4392 26 82 0 0953 7 93 18-1A 90°C vapor SAW
HWG 044 CDA 715 8 94 4392 2675 | 34887 29097 18-1B 90°C aqueous SAW
HWG 045 CDA 715 8 94 4392 26 91 36809 | 30521 18-1B 90°C agueous SAW
HWG 048 CDA 715 594 4392 2684 | 37686 31324 18-18 90°C aqueous SAW
HWG 047 CDA 715 8 84 8760 26 89 0 2696 11 21 18-2A 90°C vapor SAW
HWG 048 CDA 715 894 8760 26 61 0 2005 843 18-2A 90°C vapor SAW
HWG 049 CDA 715 894 8760 2635 | 01964 834 18-2A 90°C vapor SAW
HWG 050 CDA 715 g 94 8760 2678 52821 22062 18-2B 90°C aqueous SAW
HWG 051 CDA 715 894 8760 26 84 54112 22550 18-2B 90°C aqueous SAW
HWG 052 CDA 715 894 8760 2679 54941 22943 18-2B 90°C aqueous SAW
IWA 001 A387 Grade 22 7 86 4536 28 68 02073 17 76 23-1A 60°C vapor SDW
IWA 002 A387 Grade 22 7 86 4536 28 86 0 2647 2254 23-1A 60°C vapor SDW
WA Q03 A387 Grade 22 786 4536 2918 0 5068 42 65 23-1A 60°C vapor SOW
IWA 004 A387 Grade 22 786 4536 28 43 0 5857 50 62 23-1B 60°C aqueous SDW
IWA 005 A387 Grade 22 7 86 4536 2002 | 02817 2385 23-1B 80°C aqueous SDW
iWA 006 A387 Grade 22 786 4536 2903 144521 122 30 23-1B 60°C aqueous SDW
IWA 007 A387 Grade 22 7 86 8760 29 05 02910 1274 23-2A 60°C vapor SDW
IWA 008 A387 Grade 22 7 86 8760 28 52 03327 14 84 23-2A 60°C vapor SDW
IWA 009 A387 Grade 22 786 8760 2895 0 6259 27 51 23-2A 60°C vapor SDW
WA 010 A3B7 Grade 22 7 86 8760 28 54 20178 8995 23-28 60°C agueous SLW
IWA 011 A387 Grade 22 7886 8760 28 30 22737 | 10223 23-28 80°C aqueous SDW
IWA 012 A387 Grade 22 7 86 8760 2895 | 27486 12079 23-2B 60°C aqueous SDW
IWA 031 A387 Grade 22 7 86 4536 29 01 16293 | 13802 23-1A 60°C water line SOW
IWA 032 A387 Grade 22 786 8760 28 97 36390 | 15984 23-2A 60°C water line SDW
IWA Q36 A387 Grade 22 7 86 4632 28 87 24882 | 207 41 22-1A 90°C water line SDW
IWA 037 A387 Grade 22 7 86 B832 2897 | 38451 | 16751 22-2A 90°C water line SDW
1WA 041 A387 Grade 22 7 86 4632 28 86 05304 44 22 22-1A 90°C vapor SDW
IWA 042 A387 Grade 22 7 86 4632 2888 | 05403 4502 22-1A 90°C vapor SDW
1WA 043 A387 Grade 22 786 4632 2894 04968 | 4131 22-14 90°C vapor SDW
IWA 044 A387 Grade 22 7 86 4632 2880 | 13652) 11406 22-1B 90°C aqueous SDW
IWA 045 A387 Grade 22 7 86 4632 28 69 12959 | 10868 22-1B 80°C aqueous SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification (g/cc) time area loss rate number-rack
{hours) | (sqecm) 1{+)) {pmiy) number

IWA 046 A387 Grade 22 786 4632 2879 | 08445, 7894 22-1B 90°C aquequg SOW
WA 047 A387 Grade 22 7 86 8832 28 81 08075| 3536 22-2A 90°C vapor SDW
{WA 048 A387 Grade 22 7 86 8832 28 96 08414) 3667 22-2A 90°C vapor SDW
WA (49 A387 Grade 22 788 8832 29 08 Q8785( 4246 22-2A  {90°C vapor SDW
IWA 050 A387 Grade 22 7 86 8832 28 92 17311 7554 22-28 90°C aqueous SDW
WA 051 A387 Grade 22 7 86 8832 28 96 18040, 7858 22-2B 80°C agqueous SOW
IWA 052 A387 Grade 22 786 g832 28 87 %—1 8432 8058 22-28 80°C aqueous SOW
IWA 071 A387 Grade 22 788 4392 2726 | 08572 8910 21-1A 60°C vapor SCW
WA 072 A387 Grade 22 7 86 4392 28 98 153367 13436 2114 80°C vapor SCW
WA 073 A387 Grade 22 7 86 4392 2905 19986 ( 17456 ) 21-1A 60°C vapor SCW
WA 074 A387 Grade 22 7 86 4392 2907 1 02220, 1938 21-18 60°C aqueous SCW
1WA 075 A387 Grade 22 786 4392 2877 | 017791 1549 21-18 60°C aqueous SCW
IWA 076 A387 Grade 22 7 86 4392 28 91 02982 2617 21-1B 60°C aqueous SCW |
WA 077 A387 Grads 22 786 8760 2906 1 15731, €887 21-2A  {60°C vapor SCW
IWA 078 A387 Grade 22 7 86 8760 28096 | 31742 13942 21-2A 60°C vapor SCW
WA 079 A387 Grade 22 7 86 8760 2877 | 40826 18052 21-2A 60°C vapor SCW
WA 080 A387 Grade 22 786 8760 2875 016890 748 21-28 60°C aqueous SCW
IWA 081 A387 Grade 22 7 86 8760 2855 | 01672 7 45 21-2B B0°C aqueous SCW
WA (82 A387 Grade 22 786 8760 2730 | 01270 5492 21-2B 80°C aqueous SCW
M 101 A387 Grade 22 786 4392 28 80 18301 16202 21-1A 80°C water line SCW
1WA 102 A387 Grade 22 7 86 B780 2871 33904 15023 21-2A 60°C water line SCVXJ
WA 106 A287 Grade 22 786 4344 2908 | 06845] 60238 20-1A 90°C water line SCW
IWA 107 A387 Grade 22 7 86 8736 2884 | 26919 11908 20-2A 90°C water line SCW
WA 111 A387 Grade 22 7 86 4344 28 71 10126 9045 20-1A  |90°C vapor SCW
1WA 112 A387 Grade 22 786 4344 29 01 13432 | 11880 20-1A 90°C vapor SCW
IWA 113 A387 Grade 22 786 4344 2910 20452 | 18031 | 20-1A 50°C vapor SCW
iWA 114 A387 Grade 22 786 4344 28 95 0 1481 1312 20-18 90°C aqueous SCW
WA 115 A387 Grade 22 7 86 4344 28 84 0 1325; 1177 20-1B 80°C aqueous SCW
IWA 116 ) A387 Grade 22 7 86 4344 2875 01584 1423 20-1B 90°C aqueous SCW
Iwa 17 A387 Grade 22 7 86 8736 2882 | 56a46( 25033 20-2A 90°C vapor SCW
IWA 118 A387 Grade 22 7 86 8736 2874 | 82820 36759 20-2A 90°C Qapor SCW
WA 119 A387 Grads 22 7 86 8736 28 88 69939| 30862 20-2A 90°C vapor SCW
IWA 120 A387 Grade 22 7.86 8736 28 81 01424 6 31 20-2B 90°C aqueous SCW
IWA 121 A387 Grade 22 7 86 8736 2746 | 01584 74 20-2B 80°C aqueous SCW
WA {22 A387 Grade 22 7 86 8736 2884 | 01769 783 20-28 90°C aqueaqus SCW
IWH 001 A387 Grade 22 7 86 4536 2912 | 02385 2012 23-1A 60°C vapor SDW
WH 002 A387 Grade 22 7 86 4536 2794 | 03676 3233 23-1A 80°C vapor SDW
{WH 003 A387 Grads 22 7 86 4536 2937 | 06853 5734 23-1A 60°C vapor SDW
IWH 004 A387 Grade 22 7 86 4536 2910 | 04067 3434 23-1B 80°C aqueous SDW
IWH 005 A387 Grade 22 7 88 4536 2005 | 03622 3064 23-1B 80°C agueous SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight {Corrosion]  Vessel Test environment

identification {g/cc) time area loss rate number-rack
{hours) ] {sgcm) {9) (umiy) number

IWH 006 A§87 Grade 22 7 86 4536 2918 | 04538| 3821 23-1B  |60°C aqueous SDW
WH 007 A387 Grade 22 7 86 8760 2324 | 04200) 1827 23-28  |60°C vapor SDW o
IWH 008 A387 Grade 22 7 86 8760 2915 | 05590 2440 23-2A 80°C vapor SDW
WH 009 A387 Grade 22 786 8760 2894 | 08521 3746 23-2A  [60°C vapor SDW
IWH 010 A387 Grade 22 7 86 8760 29 11 26131 11420 23-2B 60°C agueous SDW
IWH ¢11 A387 Grade 22 7 86 8760 2878 | 24676| 10908 23-2B  |80°C aqueous SDW
IWH 012 A387 Grade 22 7 86 8760 2917 | 04248| 1853 23-2B 60°C aqueous SDW
IWH 031 A387 Grade 22 7 86 4536 2899 | 16319] 13831 23-1A  180°C water line SDW
IWH 032 A387 Grade 22 786 8760 2928 | 35821| 15567 23-2A  |60°C water line SDW
IWH 038 A387 Grade 22 7 86 4632 2804 | 25592| 21958 22-1A  [90°C water line SDW
IWH 037 A3B7 Grade 22 788 8832 2886 | 370714 18212 22-2A  390°C water line SDW
IWH 041 A387 Grade 22 7 86 4632 29 11 06336 5237 22-1A  |90°C vapor SDW
IWH 042 A387 Grade 22 7 86 4632 2923 | 06235| 5133 22-1A 80°C vapor SDW
IWH 043 A387 Grade 22 786 4632 2916 | 06283] 5185 22-1A 90°C vapor SDW
WK 044 A387 Grade 22 7 86 4632 29 21 13804 | 11372 22-1B  |90°C aqueous SBW
IWH 045 A387 Grade 22 7 86 4632 2918 | 12912| 10648 22-1B 80°C aguecus SDW
IWH 046 A387 Grade 22 7 86 4632 2906 | 15030| 12444 22-1B 90°C agueous SDW
IWH 047 A387 Grade 22 7 86 8832 2500 | 11770 5121 22-2A  190°C vapor SDW
IWH 048 A387 Grade 22 7 86 8832 2904 | 09553 4151 22-2A  [90°C vapor SDW
{WH 049 A387 Grade 22 7 86 8832 2843 | 09245 4104 22-2A [80°C vapor SDW
fWH 050 A387 Grade 22 7 86 8832 2896 | 17169; 7480 22-28 90°C aqueous SDW
IWH 051 A387 Grade 22 7 86 8832 2907 | 20195 8768 22-28 90°C aqueous SDW
IWH 052 A387 Grade 22 7 86 8832 2917 | 16894| 7307 22-2B 90°C aqueous SDW
IWH 071 A387 Grade 22 786 4392 29 21 12434 10802 21-1A  [60°C vapor SCW
IWH 072 A3B7 Grade 22 7 86 4392 2918 13570 11802 21-1A 80°C vapor SCW
IWH 073 A387 Grade 22 7 86 4392 2919 19149 | 16645 21-1A 60°C vapor SCW
IWH 074 A387 Grade 22 7 86 4392 2912 | 034117 2972 21-1B  1680°C aquequs SCW
IWH 075 A387 Grade 22 7 86 4392 29 26 0 3521 30 54 21-1B 60°C agueous SCW
IWH 076 A387 Grade 22 7 86 4392 2917 03025 26 31 21-18 60°C aqueous SCW
IWH 077 A387 Grade 22 786 8760 2913 28172| 12303 21-2A 60°C vapor SCW
IWH 078 A387 Grade 22 786 8760 2933 | 36720| 15931 21-2A  |60°C vapor SCW
{WH 079 A387 Grade 22 7 86 8760 2012 | 35753 | 15621 21-2A  |60°C vapor SCW
IWH 080 A387 Grade 22 786 8760 27 94 0 1572 716 21-2B 60°C aqueous SCW
IWH 081 A387 Grade 22 7 86 8760 2048 | 01448 825 21-28  |60°C aqueous SCW
IWH 082 A387 Grade 22 7 86 8760 2905 | 01588 6 95 21-2B 60°C agueous SCW
{WH 101 A387 Grade 22 786 4392 2014 | 20023 17436 21-1A  |60°C water line SCW
IWH 102 A387 Grade 22 7 86 8760 2884 | 27097 | 11953 21-2A  |60°C water ling SCW
IWH 106 A387 Grade 22 786 4344 2903 | 12430] 10985 20-1A  |90°C water line 5CW
IWH 107 A387 Grade 22 7 86 8736 28 91 17789 7850 20-2A  |90°C water line SCW
IWH 111 A387 Grade 22 786 4344 2912 | 25059| 22078 20-1A  |90°C vapor SCW
Engineered Materials Characterization Report 22-67



2.2 Long-Term Corrosion Studies

Sample Alioy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification {g/ce) time area loss rate number-rack
{hours) | (sq cm) (9} {m/y) number

WH 112 A387 Grade 22 786 4344 2900 | 50885) 4561 1 20-1A  |90°Cvapor SCW |
IWH 113 A387 Grade 22 7 86 4344 2914 [ 05300, 5194 20-1A 90°C vapor SCW
fWH 114 A387 Grade 22 7 88 4344 2929 | 01525 1336 20-1B  |90°C aqueous SCW
IWH 115 A387 Grade 22 7 86 4344 2912 | 01673 1474 20-1B 90°C aqueous SCW
IWH 118 A387 Grade 22 7 86 4344 2004 | 01844 16 27 20-1B 90°C aqueous SCW
IWH 117 A387 Grade 22 7 86 8736 2896 | 53066] 23379 20-2A 80°C vapor SCW
IWH 118 A387 Grade 22 7 86 8736 2016 | 93263 40797 20-2A 90°C vapor SCW
IWH 119 A387 Grade 22 7 86 8736 2931 |139834| 60857 20-2A  |90°C vapor SCW
iwWH 120 A387 Grads 22 786 8736 2904 | 00718 315 20-28 90°C aqueous SCW
WH 121 A387 Grade 22 7 86 8736 2917 00735 321 20-2B 90°C aqueaus SCW
IWH 122 A387 Grade 22 7 86 8736 2904 | 00672 295 20-2B 90°C aguegus SCW
JWA 001 A516 Grade 55 7 86 4536 2870 | 03233 2768 23-1A 60°C vapor SDW
JWA 002 A518 Grade 55 786 4526 2886 | 02539 21862 23-1A  [80°C vapor SDW
JWA 003 A516 Grade 55 7 86 4536 2866 | 04892) 4194 23-1A 60°C vapor SDW
JWA Q04 A516 Grade 55 786 4536 28 40 11677 ( 101 01 23-18 60°C aqueous SOW
JWA 005 A516 Grade 55 7 86 4536 28 32 12497 10843 | 23-1B 60°C aqueous SDW
JWA 006 A516 Grade 55 7 86 4536 28 81 12349 10533 23-1B 60°C aqueous SDW
JWA 007 A518 Grade 55 786 87a60 2870 § 04950 2194 23-2A  180°C vapor SDW
JWA 008 A516 Grade 55 7 86 8760 2849 | 05526 2467 23-2A 60°C vapor SDW
JWA 009 A516 Grade 55 7 88 8760 2813 | 08404| 3800 23-2A 80°C vapor SDW
JWA Q10 AB16 Grade 55 786 8760 2879 18102 80 00 23-2B8 80°C aqueous SDW
JWA 011 AH16 Grade 55 786 8760 28 66 15038 6675 23-2B  |60°C aqueous SDW
JWA 012 A516 Grade 55 7 88 8760 28 61 17383 773 23-28 80°C agueous SDW
JWA 031 A516 Grade 55 7 86 4536 2919 | 26075 21948 23-1A 60°C water line SDW
jWA 032 A516 Grade 55 786 8760 2839 | 37620| 16861 23-2A 60°C water line SDW
JWA 036 AS516 Grade 55 7 86 4632 2777 | 24751, 21442 22-1A  |90°C water line SDW
JWA 037 AS16 Grade 55 7 86 8832 28 50 19016 8419 22-24 90°C water line SOW
JWA 041 A518 Grade 55 788 4632 2884 | 084891 7083 22-1A  190°C vapor SDW
JWA 042 A516 Grade 55 7 86 4632 2857 | 07100] 5979 22-1A 90°C vapor SDW
JWA 043 A516 Grade 55 7 86 4632 2836 | 07533 6391 22-1A  190°C vapor SDW
JWA 044 A516 Grade 55 7 86 4832 2906 | 10797) 8941 22-1B  190°C aqueous SDW
JWA 045 A516 Grade 55 7 86 4632 28 40 08133 68 90 22-1B 90°C aqueous SDW
JWA 046 A516 Grade 55 7 Bg 4832 29 48 102384 8402 22-1B 90°C agueous SOW
JWA 047 Ab16 Grade 55 7 86 8832 2771 10232| 4659 22-2A 90°C vapor SDW
JWA 048 A516 Grade 55 7 86 8832 2919 10397 | 4495 22-2A 90°C vapor SDW
JWA 045 Ab16 Grade 55 7 86 8832 2906 | 10305; 4475 22-2A  90°C vapor SDW
JWA 050 A516 Grade 55 786 8832 2886 | 09982[ 4365 22-2B 80°C aqueous SDW
JWA 051 A516 Grade 55 786 8832 28 72 10286 4519 22-2B 90°C aqueous SDW
JWA 052 A516 Grade 55 7 86 8832 28 31 10836) 4830 22-2B 90°C agueous SDW
JWA 071 A516 Grade 55 7 86 4392 2856 | 22380 183886 21-1A 60°C vapor SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure| Surface | Weight | Corrosion Vessel Test environment

identification (g/ce) time area loss rate number-rack
(hours) {(sqcm) (9) (umy/y) number

JWA 072 A516 G_rade 55 7 86 4395__27 26 | 28459) 26487 21-1A 60°C vapor SCW
JWA 073 A516 Grade 55 786 4392 2746 | 31926| 29500 21-1A_ 80°C vapor SCW J
JWA 074 A516 Grade 55 7 86 4382 2859 | 061507 544589 21-1B 80°C aqueous SCW
JWA 075 A516 Grade 55 786 4392 2871 062198 54 97 21-18 80°C aqueous SCW
JWA 076 Ab16 Grade 55 7 86 4392 2842 | 05627 5025 21-1B 60°C aqueous SCW
JWA 077 A516 Grade 55 7 86 8760 2930 | 36173| 15705 21-2A 60°C vapor SCW
JWA 078 A516 Grade 55 7 86 8760 28652 | 46928( 20938 21-2A 60°C vapor SCW
JWA 079 A516 Grade 55 7 86 8760 2872 | 48081 21302 21-2A 60°C vapor SCW
JWA 080 A516 Grade 55 7 86 8760 2955 | 01842 793 21-2B 80°C aqueous SCW
JWA 081 A516 Grade 55 7 86 8760 2855 | 02510 1119 21-28 80°C aqueous SCW
JWA 082 A516 Grade 55 7 88 8760 2015 | 01841 803 21-2B 60°C aqueous SCW
JWA 101 A516 Grade 55 7 86 4392 2965 | 23122 19790 21-1A 60°C water line SCW
JWA 102 A516 Grade 55 7 86 8760 2890 | 29941 13180 21-2A 60°C water line SCW
JWA 108 A516 Grade 55 786 4344 2874 | 02115) 1888 20-1A 90°C waler line SCW
JWA 107 A516 Grade 55 7 86 B735 28 65 15234| 6785 20-2A 90°C water line SCW
JWA 111 A516 Grade 55 7 88 4344 2928 | 27599 | 24182 20-1A 90°C vapor SCW
JWA 112 A516 Grade 55 7 86 4344 28 25 35412 | 32166 20-1A 90°C vapor SCW
JWA 113 A516 Grade 55 7 86 4344 2919 | 29348 25797 20-1A 90°C vapor SCW
JWA 114 A516 Grade 55 786 4344 2937 | 01467| 1281 20-1B 90°C aquecus SCW
JWA 115 A516 Grade 55 7 86 4344 2954 | 01598 1388 20-1B 90°C aqueous SCW
JWA 116 A516 Grade 55 7 86 4344 28 64 01219 1092 20-1B §0°C aqueous SCW
JWA 117 A518 Grade 55 7 B6 8736 2953 | 79562 34299 20-2A 90°C vapor SCW
JWA 118 A516 Grade 55 7 86 8736 28 80 82022 | 368336 20-2A 80°C vapor SCW
JWA 120 A516 Grade 55 7 86 8736 2862 01562 6 86 20-2B 90°C aqueous SCW
JWA 121 A516 Grade 55 7 86 8736 2877 t 01297 575 20-2B 80°C aqueous SCW
JWA 122 A516 Grade 55 7 86 8736 2778 | 00803 369 20-2B 90°C aqueocus SCW
JWI OO A516 Grade 55 786 4536 27 50 0 4384 39 16 23-1A 60°C vapor SDW
JWI 002 A516 Grade 55 7 86 4536 2776 | 04193 3711 23-1A 60°C vapor SDW
JWI 003 Ab516 Grade 55 7 86 4536 2742 | 06981 62 56 23-1A 60°C vapor SDW
JWI 004 A516 Grade 55 7 86 4536 28 09 10079 8815 23-1B 60°C aqueous SDW
JWI 005 A516 Grade 55 786 4536 27 49 11405| 10195 23-1B 60°C aqueous SDW
JW! 006 AB516 Grade 55 7 86 45386 27.89 13384 | 11792 23-1B 60°C aquecus SDW
JWI 007 AS16 Grade 55 7 86 8760 2784 § 04071 18 60 23-2A €0°C vapor SDW
JWI 008 A516 Grade 55 786 8760 2764 | 04418 2034 23-2A 80°C vapor SDW
JWI 009 A516 Grade 55 7 86 8760 2752 | 08367 3869 23-2A 60°C vapor SDW
JWI 010 A516 Grade 55 7 86 8760 2784 1 15283 6984 23-28 60°C aqueous SDW
JWI 011 A516 Grade 55 7 86 8760 27 68 18222 8374 23-28 60°C aqueous SDW
JWi 012 A516 Grade 55 7 86 8760 27 47 17121 79 29 23-2B 60°C aqueous SDW
JWI 031 A516 Grade 55 7 86 4536 2785 | 25852 22806 23-1A 60°C water line SDW
JWI1 032 A516 Grade 55 7 86 8760 2802 48260 | 219 11 23-2A 80°C water fine SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight } Corrosion Vessel Test environiment

identification (g/ec) time area loss rate number-rack
(hours} | (sq cm) (q) (pm/y) number

JWI 038 A516 Grade 55 7 86 4632 2805 | 31770) 27252 22-1A  |90°C water line SDW
JWI 037 A516 Grade 55 786 8832 2780 | 30561, 13874 22-2A 80°C water line SDV\T
JWi 041 AB516 Grade 55 7 86 4632 2790 | 08859 7841 22-1A 90°C vapor SDW
JWI 042 A516 Grade 55 786 4632 2794 | 10990 9464 22-1A 90°C vapor SDW
JW1043 A516 Grade 55 786 4632 2812 | 12261] 10493 22-1A 90°C vapor SDW
JWI 044 AB16 Grade 55 7 86 4632 2812 | 10243; 87865 22-1B 90°C aqueous SDW
JWI 045 A516 Grade 55 7 86 4632 27 66 12352 107 46 22-1B 80°C aqueous SDW
JWI 048 AR16 Grade 55 7 86 4532 2840 | 15348) 13002 22-18 90°C agueous SDW
JWI 047 A518 Grade 55 7 86 8832 28 09 11352] 5100 22-2A 90°C vapor SDW ]
ﬂw 048 A516 Grade 55 7 86 8832 2826 13274 59 26 22-2A 90°C vapor SDW
JWI 049 Ab16 Grade 55 7 86 8832 2802 | 13047 5876 22-2A 90°C vapor SDW
JWI 050 A516 Grade 55 7 86 8832 2812 12473 | 5587 22-2B 80°C aqueous SDW
JWI 051 A516 Grade 55 786 8832 28 25 14235| 6358 22-28 90°C aquegus SDW
JWIl 052 A516 Grade 55 7 86 8832 28 29 11245| 5017 22-2B 90°C aqueous SDW |
JWI 071 A516 Grade 55 7 86 4392 28 00 17925 16243 21-1A 80°C vapor SCW
JWH 072 A518 Grade 55 7 86 4392 2802 | 17065 15447 21-1A  160°C vapor SCW
JWI 073 AS516 Grade 55 7 86 4392 2802 | 21305| 19296 21-1A 60°C vapor SCW
JWI 074 AS18 Grade 55 786 4392 2774 | 07498 6858 21-1B 80°C agueous SCW
JWI 075 A518 Grade 55 7 86 4392 2790 | 09368B] 8521 21-1B 60°C agqueous SCW
Jwt 78 AS16 Grade 55 L 7868 4392 2810 10138 9155 21-1B 6Q°C aqueous SCW
JWI 077 A516 Grade 55 786 8760 28 24 444911 20047 21-2A 60°C vapor SCW
JWI 078 A516 Grade 55 7 86 8760 2804 | 58348 | 26475 21-2A 80°C vapor SCW
JW1 079 A516 Grade 55 7 86 8760 2812 | 57048] 25815 21-2A 80°C vapor SCW
JWI 080 A516 Grade 55 7 86 8760 2794 | 02074 g 45 21-28 60°C aqueous SCW
JWI 081 A516 Grade 55 7 86 8760 28 06 02438 1105 21-2B 60°C aqueous SCW
JWi 082 AB516 Grade 55 7 88 8760 2775 | 01988 910 21-28 80*C aqueous SCW
JWI 101 A516 Grade 55 7 86 4392 2786 | 25297 | 23040 21-1A 60°C water line SCW
Jwi 102 |AB16 Grade 55 786 8760 2785 | 29865 13642 21-2A  {60°C water line SCW
JW! 106 Ab16 Grade 55 7 86 4344 2793 01358 1248 20-1A 90°C waier line SCW
JWI 107 A516 Grade 55 786 8736 2807 | 10687 4857 20-2A 90°C water ling SCW
JWI 111 A516 Grade 55 786 4344 2853 | 26476 23811 20-1A 90°C vapor SCW
JWH112 AB16 Grade 55 7 86 4344 27 73 21105 19523 20-1A 90°C vapor SCW
JWI 113 A516 Grade 55 7 86 4344 2790 | 20883 19202 20-1A  [90°C vapor SCW
JWIi 114 A516 Grade 55 7 86 4344 2825 | 02101 19 08 20-18 90°C aqueous SCW
JWI115 A516 Grade 55 7 86 4344 2795 | 01526 1401 20-18B 80°C aqueous SCW
JWHi16 A51€ Grade 55 7 86 4344 27 86 01759 16 20 2018 90°C agueous SCGW
JWI 117 A516 Grade 55 7.86 8736 2804 | 78826 35868 20-2A 90*C vapor SCW
JWI 118 A516 Grade 55 7 86 8736 2825 | 93670 42306 20-2A 90°C vapor SCW
JWI 119 Ab516 Grade 55 7 88 B736 27 51 41127 19072 20-2A  |90°C vapor SCW
JW!I 120 A516 Grade 55 7 86 8736 27 91 02045 935 20-2B 80°C aqueous SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification {g/ce) time area loss rate number-rack
{hours) | (sqecm) {a) {umty) number

JWI 121 A516 Grade 55 7 86 8736 2776 | 01405 6 46 20-2B 90°C aqueous SCW
JWI1 122 A516 Grade 55 7 86 8736 2798 | 01502 685 20-28 50°C agueous SCW
KWA 01 A27 Grade 70-40; 782 4536 2834 | 04362 381 23-1A 60°C vapor SDW
KWA 002 AZ27 Grade 70-40] 7.82 4536 2817 | 02313| 2028 23-1A 80°C vapor SDW
KWA 003 A27 Grade 70-40| 782 45386 2823 | 04351 3806 23-1A 60°C vapor SDW
KWA 004 A27 Grade 70-40| 782 4536 28 06 13262 11672 23-18 60°C aqueous SDW
KWA 005 A27 Grade 70-40| 782 4536 2809 04700 41 31 23-1B B0°C aqueous SDW
KWA 006 A27 Grade 70-40; 782 4536 28 15 10919 9578 23-1B 60°C aqueous SDW
KWAa 007 A27 Grade 70-40| 782 8760 2817 | 07855 3566 23-2A 80°C vapbr SDW
KWA 008 A27 Grade 70-40| 782 8760 2816 | 05552 2521 23-2A 60°C vapor SDW
KWA 009 A27 Grade 70-40; 782 8760 2815 | 07383) 3345 23-24 60°C vapor SDW
KWA 010 A27 Grade 70-40( 7 82 8760 2800 1 9919 90 97 23-2B 60°C aqueous SDW
KWA 011 A27 Grade 70-401 782 8760 2812 1 8306 83 26 23-28 60°C aqueous SDW
KwaAa 012 AZ27 Grade 70-40; 7 82 8760 28 21 16387 7429 23-2B 60°C aqueous SDW
KWA 031  |A27 Grade 70-40| 782 4536 28 22 2 3064 ' 201 84 23-1A 60°C water line SDW
KWA 032 A27 Grade 70-40| 782 8760 2826 | 51990| 23524 23-2A 80°C water line SDW
KWA 036 A27 Grade 70-40] 782 4632 2815 31445 27015 22-1A 90°C water line SDW
KWA 037 A27 Grade 70-40| 782 8832 2814 | 23383| 10538 22-2A 90°C water line SDW
KWA 041 A27 Grade 70-40] 782 4632 28 16 106836 9135 22-1A 90°C vapor SDW
KWA 042 A27 Grade 70-40 782 4632 2828 | 05573 4765 22-1A 90°C vapor SOW
KWA 043 A27 Grade 70-40| 782 4632 2784 | 07197 6253 22-1A 80°C vapor SDW
KWA 044 A27 Grade 70-40; 782 4632 2830 | 08423| 7197 22-1B 80°C agueous SDW
KWA 045 A27 Grade 70-40| 782 4632 2819 | 09280 7961 22-1B 80°C aqueous SDW
KWA 046 A27 Grade 70-40| 782 4632 28 02 11289( 9743 22-1B 90°C aqueous SDW
KWA 047 A27 Grade 70-40| 782 8832 2803 | 09801 44 36 22-2A 90°C vapor SDW
KWA 048 A27 Grade 70-40| 782 8832 2812 | 06153 2775 22-2A 90°C vapor SDW
KWA 049 AZ27 Grade 70-40| 782 8832 28 21 05048 2269 22-2A 90°C vapor SDW
KWA 050 A27 Grade 70-40| 782 8832 2818 10395 46 79 22-2B 90°C aqueous SDW
KWA 051 A27 Grade 70-40; 782 8832 2800 15213 68 91 22-2B 90°C aqueous SDW
KWA 052 A27 Grade 70-40| 782 8832 27 89 10273| 4672 22-2B 90°C aqueous SDW
KWA 071 A27 Grade 70-40| 782 4392 2813 19195] 17402 21-1A 80°C vapor SCW
KWA 072 A27 Grade 70-40| 782 4392 2806 | 24878 22613 21-1A 60°C vapor SCW
KWA 073 AZ27 Grade 70-40| 782 4392 2818 | 39854| 36078 21-1A 60°C vapor SCW
KWA 074 A27 Grade 70-40| 7 82 4392 2840 | 08134} 7305 21-1B 60°C aquecus SCW
KWA 075 A27 Grade 70-40| 782 4392 2836 | 08716| 7839 21-1B 80°C aqueous SCW
KWA 076 A27 Grade 70-40; 782 4332 2783 | 07728 7084 21-1B 80°G aqueous SCW
KWA 077 A27 Grade 70-40| 782 8760 27 87 16645| 7638 21-2A 60°C vapor SCW
KWA 078 AZ7 Grade 70-40| 782 8760 28 01 19880 2077 21-24 60°C vapor SCW
KWA 079 A27 Grade 70-40| 7 82 8760 2827 | 28218 12764 21-2A 60°C vapor SCW
KWA 080 A27 Grade 70-40| 782 8760 2830 | 02362| 1067 21-2B 60°C aquecus SCW
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2.2 Long-Term Corrosion Studies

Sample Allay Density| Exposure| Surface | Weight | Carrasion Vessel Test environment

identification {glcc) time area loss rate number-rack
{hours} | {sqcm} {g) {pmiy) number

KWA 081  |A27 Grade 70-40] 782 | 8760 | 2788 | 02180] 1000 2128 |60°C aqueous SCW
KWA 082 AZ7 Grade 70-40] 782 8760 27 93 01820 742 21-28 60°C aqueous SCW
KWA 101 AZ7 Grade 70-40| 782 4392 28 22 20872| 18862 21-1A 60°C water line SCW
KWA 102 A27 Grade 70-40] 782 8760 28 20 39143 17753 21-2A 60°C water line SCW
KWA 106 A27 Grade 70-40; 782 4344 2837 145991 {3271 20-1A 90°C water line SCW
KWA 107 A27 Grade 70-40] 782 8736 2816 | 26998) 12294 20-2A  180°C water line SCW
KWA 111 A27 Grade 70-40{ 782 4344 2816 18152] 16622 | 20-1A 90°C vapor SCW
KWA 112 A27 Grade 70-40[ 782 4344 2829 | 28697) 26161 20-1A 80°C vapor SCW
KWA 113 A27 Grade 70-40] 782 4344 28 21 22235) 20328 20-1A  [90°C vapor SCW
KWA 114 AZ7 Grade 70-40] 782 4344 28 11 01252 1148 | 20-1B 90°C aqueous SCW
KWA 115 {A27 Grade 70-40! 782 4344 2804 | 01487 | 1367 20-1B 90°C aqueous SCW
KWA 116 A27 Grade 70-40} 782 4344 2788 | 00976 903 20-1B  190°C aqueous SCW
KWA 117 A27 Grade 70-40] 782 8736 2835 | 47050 21281 20-2A 90°C vapor SCW
KWA 118 A27 Grade 70-40} 782 8736 2832 | 42686| 19328 20-2A  |90°C vapor SCW
KWA 119 A27 Grade 70-40] 782 8736 27 93 59267 27206 20-2A 90°C vapor SCW
KWA {20 A27 Grade 70-40] 782 8736 2827 01435 6 51 20-2B 90°C aqueous SCW
KWA 121 A27 Grade 70-40| 7 82 8736 28 44 0 1582 713 20-2B 80°C aqueous SCW
KWA 122 A27 Grade 70-40) 782 8736 2824 ;1 01171 532 20-2B  180°C agueous SCW
KWI 001 A27 Grade 70-40| 782 4536 2854 | Q7067| 6116 23-1A  |60°C vapor SBW
FKWI 002 A27 Grade 70-40| 782 4536 28 45 0 5307 46 07 23-1A 60°C vapor SDW
KwW1003 A27 Grade 70-40) 782 4536 28 09 0 8026 7067 |  23-1A 80°C vapor SOW
KW! 004 A27 Grade 70-40| 782 4536 28 26 11524 10069 23-1B 60°C aqueous SDW
KWI 005 A27 Grade 70-40| 782 4536 27 89 10008 88 62 23-1B 60°C agueous SDW
KWL 008 A27 Grade 70-40| 782 4538 28 53 12701 10993 23-18 80°C agqueaous SOW
KWt 007 A27 Grade 70-40] 782 8760 27 81 0 7487 34 34 23-2A 60°C vapor SDW
KW 008 A27 Grade 70-40| 782 8760 2804 08135 3710 23-2A 80°C vapor SDW
KWI1 009 A27 Grade 70-40| 782 8760 2806 0 9692 44 17 23-2A 60°C vapor SDW
KW 010 A27 Grade 70-40; 782 8760 2852 16251 7287 23-2B 80°C agueous SDW
Kwi 011 A27 Grade 70-40{ 782 B760 28 39 16309 7347 23-2B 60°C aqueous SDW
KWi1 012 AZ7 Grade 70-40{ 782 8760 27 95 18289 8366 23-2B 60°C aqueous SDW
Kwi 031 A27 Grade 70-40; 782 4536 2737 | 221397 19975 23-1A  |60°C water line SDW
KWi 032 A27 Grade 70-40] 782 8760 28 04 39510 18021 23-2A 60°C water line SDW
KWI 036 A27 Grade 70-40! 782 4632 2B26 | 24648 21093 22-1A  |90°C water line SDW
KWi 037 A27 Grade 70-40] 782 8832 2728 | 28428 13217 22-2A  |90°C water line SDW
KWI 041 A27 Grade 70-40] 782 4632 27 66 11642 101 81 22-1A 90°C vapor SDW
KWI 042 A27 Grade 70-40, 782 4832 2821 07152 6130 22-1A  |90°C vapor SDW
KW! 043 A27 Grade 70-40{ 782 4632 27 71 08577| 7485 22-1A  |90°C vapor SDW
KW 044 A27 Grade 70-40; 782 4632 2802 | 08749 7550 22-1B  |90°C agueous SDW_
KWI 045 AZ27 Grade 70-40| 782 4632 2816 | 07917 67989 22-1B 90°C agueous SDW
KWl 048 A27 Grade 70-40( 782 4632 28 14 10459 8988 22-18 80°C aqueous SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure| Surface | Weight |Corrosion Vessel Test environment

identification {afce} time area loss rate number-rack
(hours) | (sqcm) {9) (m/y) number N

KWI 047 A27 Grade 70-40| 7 82 8832 T 2816 | 08939 4026 22-2A 90°C vapor SDW
KWI 048 A27 Grade 70-40| 782 8832 2808 | 06022| 2720 22-2A  [90°C vapor SDW
KWI 049 A27 Grade 70-40| 782 8832 2839 | 06925| 3094 22-2A 90°C vapor SDW
KW1 050 A27 Grade 70-40| 782 8832 28 16 1 0281 46 31 22-28B 90°C aqueous SDW
KWI 051 A27 Grade 70-40| 782 8832 2840 | 08144| 3638 22-28B 90°C aqueous SDW
KWI 052 A27 Grade 70-40| 782 8832 27 93 14508 | 6588 22-2B 90°C aqueous SDW
KWI 071 A27 Grade 70-40| 782 4392 28 30 19898 | 17932 21-1A 80°C vapor SCW
KWI 072 A27 Grade 70-40| 782 4392 2766 | 22157 | 204 34 21-1A 60°C vapor SCW
KWI 073 A27 Grade 70-40| 782 4392 2816 | 27674 | 25065 21-1A 80°C vapor SCW
KWI 074 A27 Grade 70-40| 7 82 4392 28 37 0 5969 53 66 21-1B 60°C aqueous SCW
KWI 075 A27 Grade 70-40| 782 4392 27 71 gez270| 5772 21-1B 60°C aqueous SCW
KWI 076 A27 Grade 70-40| 782 4392 2810 06101 55 38 21-1B 60°C aqueous SCW
KWI1 077 A27 Grade 70-40{ 782 8760 28 53 172461 7730 21-2A 60°C vapor SCW
KW! 078 A27 Grade 70-40| 782 8760 28 33 1706807 77 (01 21-2A 60°C vapor SCW
KWI! 079 A27 Grade 70-40| 782 8760 28 20 21671 98 26 21-24 60°C vapor SCW
KwW! 080 A27 Grade 70-40| 782 8760 28 47 0 1801 809 21-28 60°C aqueous SCW
Kwi 081 A27 Grade 70-40| 782 8760 2808 02266 1032 21-2B 60°C aqueous SCW
Kwl 082 A27 Grade 70-40| 782 8760 28 61 02424 10 83 21-2B 60°C aqueous SCW
KWI 101 A27 Grade 70-40| 782 4392 2743 | 25415| 23628 21-1A 60°C water line SCW
KWI 102 A27 Grade 70-40] 7 82 8760 28 07 44400 20228 21-2A 60°C water line SCW
KWI 106 A27 Grade 70-40; 782 4344 27 97 06114| 5636 20-1A 90°C water line SCW
KWI 107 A27 Grade 70-40] 782 8736 28 27 12315| 5586 20-2A 90°C water line SCW
KWI1 111 A27 Grade 70-40; 782 4344 2775 18176 | 150 33 20-1A 90°C vapor SCW
KWi 112 A27 Grade 70-40| 782 4344 28 57 23328 | 21060 20-1A 90°C vapor SCW
Kwl 113 A27 Grade 70-40| 782 4344 2730 | 33143] 31305 20-1A 90°C vapor SCW
KWI 114 A27 Grade 70-40| 782 4344 2719 01775 16 84 20-1B 90°C agueous SCW
KWI 115 A27 Grade 70-40| 782 4344 2735 | 02339| 2206 20-1B 90°C aqueous SCW
KWI 116 A27 Grade 70-40| 7 82 4344 2760 | 01933| 1806 20-18 90°C aqueous SCW
KWI 117 A27 Grade 70-40| 782 8736 28 23 17647 B0 15 20-2A 90°C vapor SCW
Kwi 118 A27 Grade 70-40| 782 8736 2779 | 26178| 12081 20-2A 80°C vapor SCW
KWI 119 A27 Grade 70-40] 782 8736 2802 | 36868| 16875 20-2A 90°C vapor SCW
KWI 120 A27 Grade 70-40; 782 8736 27 82 0 1330 613 20-2B 90°C aqueous SCW
Kwl 121 A27 Grade 70-40| 782 8736 2832 | 01305 581 20-2B 90°C aqueous SCW
KWi 122 A27 Grade 70-40( 782 8736 2748 | 01756 820 20-2B 90°C agueous SCW
LWA O Inconel 625 844 4296 2822 (000047 -003 25-1A 60°C vapor SAW
LWA 002 Inconel 625 8 44 4296 2826 [-00002| 002 25-1A 60°C vapor SAW
LWA 003 Inconel 625 844 4296 2814 |-00005| 004 25-1A 80°C vapor SAW
LWA 004 Inconel 625 844 4296 28.29 |00018| -014 25-18 80°C aqueous SAW
LWA 005 Inconel 625 B 44 4296 2823 |-00017| 015 25-1B 80°C aqueous SAW
LWA 008 Inconel 625 844 4296 2818 |-00018| -015 25-1B 80°C aqueous SAW
Engineered Materials Characterization Report 22-73




2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) | (sq ﬂ"l {g) {pmviy) number

LWA 007 Inconel 625 844 B376 2825 | 00000 000 25-2A 60°C vapor SAW
LWA 008 Inconel 625 844 8376 2827 (00004 002 25-2A 60°C vapor SAW
LWA 009 Inconel 825 844 8376 2827 (00002 001 25-2A 80°C vapor SAW
LWA 010 Incone! 625 844 8376 2817 |-00004! D02 25-2B 80°C aqueous SAW
LWA 011 Inconel 625 844 B376 2821 [-00004| 002 25-28 60°C aqueous SAW
LWA 012 Inconel 825 844 8376 2820 {-00008f -003 25-2B 60°C aqueous SAW
LWA 031 Incone! 625 844 4296 2832 |00005] D04 25-1A 60°C water line SAW
LWA 032 Inconel 625 844 8376 28 37 | -0 0001 000 25-2A 60°C water line SAW
LWA 038 ] Incane| 825 844 4344 27 81 00004 Q03 26-1A 90°C water line SAW
LWA 037 |Inconet 625 844 8784 2829 | 00G00 000 26-2A  |90°C waler fine SAW
|LWA 041 Inconel 625 844 4344 2832 | 00002 002 26-1A 80°C vapor SAW
LWA 042 Inconel 625 8 44 4344 2843 | Q0001 001 26-1A 90°C vapor SAW
LWA 043 incone 625 844 | 4344 28 37 0 0005 004 26-1A 90°C vapor SAW
LWA 044 Inconel 625 8 44 4344 2830 (00004 003 26-1B 90°C aqueous SAW
TVE’A 045 Inconel 625 844 4344 2824 [-00010( -~008 26-1B §0°C aqueous SAW
LWA 046 Inconel 625 8 44 4344 2820 |-00006; -005 26-1B 90°C agueous SAW
LWA 047 Inconel 625 844 8784 2818 | 00002 00 26-2A 90°C vapor SAW
LWA 048 inconel 625 844 8784 2814 0 0004 002 26-2A 90°C vapor SAW
LWA 049 inconel 625 8 44 8784 2808 | 00004 002 26-2A  |90°C vapor SAW
LWA 050 Inconel 625 8 44 8784 2823 00003 001 26-2B 90°C aqueous SAW
LWA 051 Inconel 625 8 44 8784 2824 | 00000 000 26-2B 90°C aqueous SAW
LWA 052 Tlnconel 825 844 8784 2823 | 00005 002 26-2B 90°C aqueous SAW
LWA D71 Inconel 625 844 4392 2827 | 00011 009 27-1A 60°C vapor SCW
LWA 072 Inconel 625 844 4392 2824 0 0008 007 27-1A 60°C vapor SCW
LWA 073 Inconel 625 844 4392 2325 | 00010 008 27-1A 60°C vapor SCW
LWA 074 Inconel 625 8 44 4392 | 2826 | 00009 008 27-1B 60°C aqueous SCW
LWA 075 Inconel 625 844 4392 2827 | 00006 005 27-1B 80°C agueous SCW
[LWA 076 Inconel 625 844 4392 28 45 00012 010 27-18B 60°C agueous SCW
LWA 101 inconet 625 844 4392 28 25 00013 011 27-1A 60°C water line SCW
LWA 108 Inconel 625 844 4464 28 33 0 0005 004 28-1A 80°C water line SCW
LWA 111 Inconel 625 8 44 4464 2310 | 00004 003 28-1A 90°C vapor SCW
LWA 112 Inconel 625 B44 4464 2827 | 00004 003 28-1A 90°C vapor SCW
LWA 113 Incanel 625 844 4464 28 25 0 0004 0.03 28-1A 80°C vapor SCW
LWA 114 Incone! 625 844 4464 2817 0 0006 005 28-1B 90°C aqueous SCW
LWA 115 Inconel 625 844 4484 28 21 0 0009 Q4Q7 28-1B 90°C agueous SCW
LWA 116 inconel 625 B 44 4464 2812 | 00005 004 28-1B 90°C aqueous SCW
LWA 141 Inconei 625 8 44 4464 28 31 00009 007 29-1A 60°C vapor SDW
LWA 142 Inconel §25 844 4464 28 34 Q 0006 Q05 29-18 80°C agueous SOW
LWA 151 Inconel 625 844 4464 28 25 0 0002 002 29-1A 60°C water line SOW
LWA 164 Inconel 625 844 4392 2825 | Q0007 0086 30-1A 90°C walter line SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
{hours) | {sqcm) (@) (zm/y) number

LWA 168 Inconel 625 8 44 4392 28 20 0 0005 004 30-1A 80°C vapor SDW
LWA 169 Inconel 625 8 44 4392 28 11 00012 010 30-1B 80°C aqueous SDW
LWJ 001 Inconel 625 844 4296 2760 [00004| 004 25-1A 80°C vapor SAW
LWJ 002 Inconel 625 B 44 4296 2771|0002 -D10 25-1A 60°C vapor SAW
Lw.) 003 Inconel 625 B 44 4296 2772 | 00000 000 25-1A 60°C vapor SAW
LWJ 004 Inconel 825 844 4236 2774 |0 0001 -0 01 25-18 60°C aqueous SAW
LWJ 005 Inconel 625 844 4296 2768 | 00004 003 25-18 60°C aqueous SAW
LWJ 006 Inconel 625 844 4296 2771 |-00004| -003 25-18 60°C agueous SAW
LWJ 007 Incanel 625 8 44 8376 27.79 0 0000 000 25-2A 60°C vapor SAW
LWJ 008 Inconel 625 8 44 8376 2770 { 00000 000 25-2A 60°C vapor SAW
LWJ 009 Inconel 625 8 44 8376 2777 |0 0001 000 25-2A 60°C vapor SAW
LwJ 010 Inconel 625 844 8376 27 62 0 0001 000 25-2B 60°C aqueous SAW
LWJ 011 Inconel 625 8 44 8376 27 76 0 0002 001 25-28 60°C aqueous SAW
LWJ 012 Inconel 625 844 8376 2774 |—00002| 001 25-28 60°C aqueous SAW
LWJ Q31 Inconel 625 844 4296 2762 |-00004| 003 25-1B 60°C water line SAW
LWJ 032 Inconel 625 844 8376 2754 |00002| 001 25-2B 60°C water line SAW
LWJ 036 Inconel 625 844 4344 27 58 0 0002 002 26-1B 90°C water line SAW
LwWJ 037 Inconel 625 844 8784 27 63 |-00001 000 26-28 80°C water line SAW
LWJ 041 inconel 625 844 4344 2747 | 00001 00 26-1A 90°C vapor SAW
LWJ 042 Inconel 625 844 4344 27 66 0 0001 001 26-1A 90°C vapor SAW
LwJ 043 Inconel 625 844 4344 2777 0 0012 010 26-1A 90°C vapor SAW
LWJ 044 Inconel 625 B 44 4344 27 68 00011 009 26-1B 90°C aqueous SAW
LWJ (45 Inconel 625 B 44 4344 2779 | 00005 004 26-1B 90°C agueous SAW
LWJ 046 Incone! 625 844 4344 27 67 0 0001 001 26-1B 90°C aqueous SAW
LWJ 047 Inconel 625 844 8784 2767 | 00005 002 26-2A 90°C vapor SAW
LWJ 048 Inconel 625 8 44 8784 27 71 0 0004 002 26-2A  |90°C vapor SAW
LWJ 049 Inconel 625 844 8784 2784 | 00004 002 26-2A  |90°C vapor SAW
LWJ 050 Inconel 625 844 8784 2775 |-00003| 001 26-2B 90°C aqueous SAW
LWJ 051 Inconel 625 844 8784 2777 |-00003| 001 26-2B 90°C aqueous SAW
LWJ 052 Inconel 625 844 8784 27 69 0 0000 000 26-28 90°C aqueous SAW
LWJ 071 Inconel 625 8 44 4392 27 89 0 0004 003 27-1A 60°C vapor SCW
LWwJ 072 Inconel 625 844 4392 2750 | 00009 008 27-1A 60°C vapor SCW
LWJ 073 Inconel 625 844 4392 27 67 0 0006 005 27-1A 60°C vapor SCW
LWJ 074 Incone! 625 844 4392 2785 | 60012 010 27-1B 60°C aqueous SCW
LWJ 075 nconel 625 844 4392 2750 | 00010 009 27-1B 60°C agueous SCW
LWJ 076 fnconel 625 8 44 4392 2764 | 00007 006 27-1B 60°C agueous SCW
EWJ 101 Inconel 625 844 4392 2775 | 00006 005 27-1B 60°C water line SCW
LWJ 106 Inconel 625 844 4464 27 73 (0 0003 003 28-1B 80°C water line SCW
LWJ 111 Inconel 625 8 44 4464 2765 | 00003 003 28-1A  [90°C vapor SCW
LWJ 112 Inconel 625 844 4464 27 56 |-00002 —002 28-1A 90°C vapor SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight [Corrosion Vessel Test environment

identification (g/cc) time area loss rate number-rack
{hours) | (sq cm) {g) (nm/y) number

LWJ 113 Inconel 625 8 44 4464 2778 | 00002 002 28-1A 90°C vapor SCW
LWJ 114 Inconel 625 844 4464 2763 | 00005 004 28-1B 90°C aqueous SCW
LWJ 115 Inconel 625 8 44 4464 2759 00005 004 28-1B 90°C aqueous SCW
LWJ 1186 Inconel 625 844 4464 27.81 00003 003 23-1B 90°C agueous SCW
LWJ 141 inconel 625 8 44 4464 2776 | 00002 002 29-1A 60°C vapor SDW
LwWJ 142 Incanel 625 844 4464 2777 [ 00002 002 29-1B 60°C aqueous SDW
LWJ 151 Inconel 625 844 4464 27 86 6 0000 000 29-18 60°C water line SDW
LWJ 164 Inconel 625 8 44 4392 2777 | 00002 002 30-1B 90°C water line SDW
LWJ 168 Inconel 625 844 4392 2775 | 00008 007 30-1A 90°C vapor SDW
LWJ 169 Inconel 625 844 4392 2775 | 00004 003 30-1B 90°C aqueous SDW
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2.2 Long-Term Corrosion Studies

EMCR Section 2.2.6 Supplement 2: Crevice-corrosion results.

Sample Altoy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification (g/ce) time area loss rate number-rack
(hours) | (sqcm) {g) (nm/y) number _

ACA 001 1825 814 4296 5200 |-00003] 001 25-1B 60°C vapor SAW
ACA 002 1825 814 4296 5219 | 00009 004 25-1B 60°C vapor SAW
ACA 003 1825 814 4296 5218 | 00015 007 25-1B 60°C vapor SAW
ACA 004 1825 814 4296 5225 | 00526 252 25-1A 60°C aqueous SAW
ACA 005 1825 8 14 4296 5232 | 00275 132 25-1A 60°C agueous SAW
ACA 006 1825 814 4296 5222 | 00091 044 25-1A 60°C aqueous SAW
ACA 007 1825 814 8376 5210 | 00017 004 25-28 80°C vapor SAW
ACA 008 1825 814 8376 5213 | 00010 002 25-2B 60°C vapor SAW
ACA 009 1825 814 8376 5242 | 00012 003 25-2B 60°C vapor SAW
ACA 010 1825 814 8376 5239 | 01213 297 25-2A 60°C aqueous SAW
ACA 011 1825 814 8376 5182 | 00876 217 25-24A 60°C agueous SAW
ACA 012 1825 8 14 8376 52 41 0 1265 310 25-2A 60°C aqueous SAW
ACA 031 1825 814 4344 5245 | 00029 014 26-1B 90°C vapor SAW
ACA 032 1825 814 4344 51 81 00017 008 26-1B 90°C vapor SAW
ACA 033 1825 814 4344 5252 | 00015 007 26-1B 90°C vapor SAW
ACA 034 1825 814 4344 5280 | 00634 297 26-1A 90°C aqueous SAW
ACA 035 1825 814 4344 5190 0 0571 273 26-1A 90°C aqueous SAW
ACA 036 1825 814 4344 51 83 0 0670 320 26-1A 90°C aqueous SAW
ACA 037 1825 814 8784 51 81 00013 003 26-28 90°C vapor SAW
ACA 038 1825 814 8784 5225 | 00011 003 26-28 90°C vapaor SAW
ACA 039 1825 814 8784 52 68 00008 002 26-2B 90°C vapor SAW
ACA 040 1825 B 14 8784 5233 | 01266 296 26-2A 90°C aqueous SAW
ACA 041 1825 814 8784 52 38 0 0996 2133 26-2A 90°C aqueous SAW
ACA 042 1825 814 8784 5266 | 01381 3 26-2A 90°C aqueous SAW
ACA 061 1825 814 4392 5276 | 00013 0086 27-18 80°C vapor SCW
ACA 062 1825 814 4392 5158 | 00014 007 27-1B 80°C vapor SCW
ACA 063 1825 814 4392 5265 | 00015 007 27-18 60°C vapor SCW
ACA 064 1825 814 4392 5180 | 00012 0086 27-1A 80°C aqueous SCW
ACA 085 1825 814 4392 5266 | 00023 011 27-1A  160°C aqueous SCW
ACA 066 1825 8§14 4392 52 41 00018 008 27-1A 60°C agueous SCW
ACA 091 1825 814 4464 5243 | 00017 008 28-18 90°C vapor SCW
ACA 092 1825 814 4464 5184 | 00015 007 28-1B 90°C vapor SCW
ACA 083 1825 §14 4464 5198 00017 008 28-1B 90°C vapor SCW
ACA 094 1825 g 14 4464 5200 | 00026| 012 28-1A 90°C aqueous SCW
ACA 095 1825 8 14 4464 5263 | 00023 011 28-1A 80°C aqueous SCW
ACA 096 1825 814 4464 5178 | 00015 007 28-1A 90°C aqueous SCW
ACA 121 1825 814 4464 5193 | 00021 010 29-1B 60°C vapor SDW
ACA 122 1825 814 4464 5244 | 00023 011 29-1B 60°C vapor SDW
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2.2 Long-Term Corrasion Studies

Sampie Alloy Density| Exposure | Surface | Weight |Corrosion|  Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours} | (sqem} | (q) L {um/y) number

ACA 123 1825 814 4484 52 46 00014 008 29-18 60°C vapor SDW
ACA 124 1825 814 4464 52 50 00016 007 29-1A 80°C aqueous SDW
ACA 125 1825 814 4464 52 21 00022 010 29-1A  |60°C aqueous SDW
ACA 126 1825 814 4464 52 54 00019 009 29-1A 60°C agueous SDW
ACA 157 1825 814 4392 52 32 00011 005 30-1B 90°C vapor SOW
ACA 158 1825 814 4392 5240 | 00012 006 30-1B 90°C vapor SDW
ACA 159 1825 314 4392 5264 | 00018 008 30-18  190°C vapor SDW
ACA 160 1825 814 | 4392 5239 | 00010 005 30-1A 90°C agueous SDW
ACA 161 1825 814 4392 5236 [ 00018 008 30-1A  |90°C aqueous SDW
ACA 1682  |'825 B 14 4392 5278 00028 013 30-1A 90°C agueous SDW
ACB 001 1825 814 4296 5210 | 00013 006 25-1B  |60°C vapor SAW
ACB 002 1825 814 4296 51 90 00019 009 25-1B 60°C vapor SAW
ACB 003 1825 814 4298 5107 | 00012 008 25-18  180°C vapaor SAW
ACB 004 1825 814 4296 5188 | 00497 240 25-1A  [B0°C aqueous SAW
ACB 005 [825 814 4296 5109 | 00035 017 25-1A  |60°C agqueous SAW
AGB 006 1825 B4 4295 5170 | 00017 008 25-1A  [80°C aqueous SAW
ACB 007 1825 814 8376_J 5198 | 00002 000 25-2B  [80°C vapor SAW
ACB 008 i825 814 8376 5233 | 00000 000 25-2B  |80°C vapor SAW
IACB 009 1825 814 8378 5217 | 00001 000 25-2B  160°C vapar SAW
ACB 010 1825 814 8376 5208 | 00872 215 25-2A  |80°C aquecus SAW
ACB 011 1825 814 SF 5270 | 00778 190 25-2A  |60°C aqueous SAW
ACB 012 1825 814 8376 ( 5210 | 00485 120 25-2A  [60°C agueous SAW
ACB 031 1825 814 4344 5185 | 00010 005 26-1B  {90°C vapor SAW
ACB 032 1825 814 4344 5208 | 00019 009 | 26-1B _{90°C vapor SAW
ACB 033 1825 814 4344 5129 | 00015 007 26-1B 90°C vapor SAW
ACE 034 825 814 4344 5115 00427 207 26-1A 90°C agueous SAW
ACB 035 1825 B14 4344 5180 | 00281 134 26-1A  |90°C aqueous SAW
ACB 036 1825 814 4344 5287 | 00476 224 26-1A  [90°C agqueous SAW
ACB Q37 1825 814 8784 5108 | 00003 001 26-2B  190°C vapor SAW
ACB 038 1825 814 8784 5155 |0 000N 000 26-2B  [90°C vapor SAW
ACB 039 1825 814 8784 5282 | 00008 002 26-2B  |90°C vapor SAW
ACB 040 1825 814 8784 52 32 Q 1200 2.81 26-2A 90°C aqueous SAW
ACB 041 1825 814 8784 5192 | 01538 362 26-2A  190°C aqueous SAW
ACB 042 1825 814 8784 5219 | 01422 334 26-2A  |90°C aqueous SAW
ACB 081 1825 814 4392 52 25 00010 Q05 27-1B 60°C vapor SCW
ACB 062 1825 814 4392 5199 D 0014 007 27-18 60°C vapor SCW
ACB 083 1825 814 4392 51.62 | 00015 007 27-1B  {60°C vapor SCW
ACB 064 1825 B 14 4382 5175 0 0020 009 27-1A 60°C aqueous SCW
ACB 085 1825 B 14 4392 5193 { 00033 016 27-1A  |80°C agueous SCW
ACB 066 1825 814 4392 5197 | 00018 {08 27-1A  |60°C aqueous SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight [ Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
{hours) | (sq cm} (a) {Lm/y) number

ACB 091 1825 814 B 4464 5161 | 00014 007 28-1B  |90°C vapor SCW
ACB 092 1825 814 4464 5217 | 00013 006 28-1B  |90°C vapor SCW
ACB 093 1825 814 4464 5160 | 00017 008 28-1B 90*C vapor SCW
ACB 094 1825 g 14 4464 5229 1 00020 009 28-1A  |90°C aqueous SCW
ACB 095 1825 814 4464 5215 | 00025 012 28-1A  |90°C agqueous SCW
ACB 098 1825 814 4464 5218 | 00022 010 28-1A  |90°C aqueous SCW
ACB 121 1825 8 14 4464 5208 | 00014 006 23-1B  |60°C vapor SDW
ACB 122 1825 814 4454 5158 | 00015 007 29-1B 60°C vapor SDW
ACB 123 1825 814 4464 5158 | 00020 009 29-1B 60°C vapor SDW
ACB 124 1825 814 4464 5136 | 00018 008 29-1A  |60°C aqueous SDW
ACB 125 1825 B 14 4464 5173 | 00014 007 29-1A  |80°C aqueous SDW
ACB 126 1825 B 14 4464 5172 | 00015 007 29-1A  |60°C aqueous SDW
ACB 157 1825 814 4392 5237 | 00010 005 30-1B 90°C vapor SDW
ACB 158 1825 814 4392 5170 | 00010 005 30-1B  190°C vapor SDW
ACB 159 1825 814 4392 5070 | 00011 005 30-1B  {90°C vapor SDW
ACB 160 1825 8 14 4392 5119 | 00012 006 30-1A  |90°C aqueous SDW
ACB 161 1825 814 4392 52 81 00012 006 30-1A  |90°C aqueous SDW
ACB 162 1825 814 4392 5263 | 00007 003 30-1A  |90°C agueous SDW
BCA 001 a3 827 4298 5244 | 00017 008 25-1B  [60°C vapor SAW
BCA 002 G3 827 4296 5227 | 00016 008 25-1B  [60°C vapor SAW
BCA 003 G3 827 4296 5251 | 00026 012 25-1B  |B0°C vapor SAW
BCA 004 G3 827 4296 5244 | 00016 008 25-1A  160°C aqueous SAW
BCA 005 G3 8 27 4296 51 65 00014 007 25-1A 80°C aqueous SAW
BCA 006 G3 827 4296 5242 | 00016 008 25-1A  |B0°C aqueous SAW
BCA 007 G3 827 8376 51 97 0 0010 002 25-2B 60°C vapor SAW
BCA 008 G3 827 8376 5175 00012 003 25-2B 60°C vapor SAW
BCA 008 G3 827 8376 52 41 00012 003 25-2B 60°C vapor SAW
BCA 010 G3 8 27 8376 5274 | 00033 008 25-2A  |60°C aqueous SAW
BCA 011 G3 827 8376 5214 | 00025 008 25-2A  |60°C agueous SAW
BCA 012 G3 8 27 8376 5213 | 00020 005 25-2A  |60°C aqueous SAW
BCA 03t G3 827 4344 5270 | 00020 009 26-1B  |90°C vapor SAW
BCA 032 G3 827 4344 5176 | 00008 004 25-1B 90°C vapor SAW
BCA 033 G3 827 4344 52.62 | 00018 008 26-1B  |90°C vapor SAW
BCA 034 G3 827 4344 5168 | 00031 015 26-1A  |90°C aqueous SAW
BCA 035 G3 827 4344 51 87 0 0022 010 26-1A 90°C aqueous SAW
BCA 036 G3 8 27 4344 5255 | 00016 007 26-1A  {90°C aqueous SAW
BCA 037 G3 827 8784 5180 | 00015 003 26-2B  |90°C vapor SAW
BCA 038 G3 827 B784 5266 | 00046 011 26-2B  |90°C vapor SAW
BCA 039 G3 8 27 B784 5255 | 00006 001 26-2B  |90°C vapor SAW
BCA 040 G3 827 8784 5219 | 00006 001 26-2A 90°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density] Exposure| Surface | Weight | Corrosion Vessel Test environment

Identification {g/cc) time area loss rate | number-rack
(hours} | (sq cm) {+)] (um/y) number

BCA 041 G3 8§27 8784 52 31 00010 002 26-24 90°C aqueous SAW
BCA 042 G3 827 8784 5212 | 00013 003 26-2A _90°C aqueous SAW
BGA 061 G3 827 4392 5223 | 00018 008 27-1B 60°C vapor SCW
BCA 062 G3 827 4392 5264 | 00017 008 2718 60°C vaper SCW
BCA 063 G3 827 4392 5188 | 00012 006 27-1B 60°C vapor SCW
BCA 064 G3 8 27 4392 5286 | 00042 019 27-1A 60°C aqueous SCW
BCA 065 G3 827 4392 5267 | 00037 017 27-1A 60°C aqueous SCW
BCA 066 G3 827 4392 5143 0 0031 015 27-1A 60°C aqueous SCW
BCA 091 G3 827 4464 52 21 0 0006 003 28-1B 90°C vapor SCW
BCA 092 G3 8 27 4464 5213 | 00010 005 28-1B 30°C vapor SCW
BCA 093 G3 827 4464 5236 | 00004 002 28-1B 90°C vapor SCW
BCA 094 G3 g 27 4464 5229 | 00019 009 28-1A 90°C aqueous SCW
BCA 095 G3 8 27 4464 5256 | 00027 012 28-1A  [|90°C agueous SCW
BCA 096 G3 827 4464 52 51 00018 007 28-1A 90°C aqueous SCW
BCA 121 G3 827 4464 5188 | 00015 007 29-1B 680°C vapor SDW
BCA 122 G3 827 4464 5256 | 00025 01 29-1B 60°C vapor SDW
BCA 123 G3 8 27 4464 5185 | 00016 007 29-1B 60°C vapor SDW
BCA 124 G3 827 4464 52 41 00010 005 29-1A 60°C aqueous SDW
RCA 125 G3 827 4464 52 00 00018 007 29-1A  [60°C agueous SDW
BCA 126 G3 827 4464 5245 | 00017 008 29-1A 80°C aqueous SDW
BCA 157 1G3 | 827 4392 5195 | 00012 006 30-1B 90°C vapor SDW
BCA 158 G3 827 4392 5187 | 00021 010 30-1B 90°C vapor SDOW
BCA 159 1G3 827 4392 5212 | 00018 008 © 30-18 90°C vapor SDW
BCA 160 G3 1 827 4392 5229 [ 00019 009 30-1A 90°C aqueous SDW
BCA 161 G3 827 4392 5220 0 0020 009 30-1A 90°C aqueous SDW
BCA 162 G3 827 4392 5232 | 00022 010 30-1A 90°C aqueous SDW
BCC 001 G3 8 27 4296 5227 | 00013 006 25-1B 60°C vapor SAW
BCC 002 G3 g 27 4296 5226 | 00012 0086 25-1B 60°C vapor SAW
BCC 003 G3 827 4296 5233 { 00010 005 25-1B 60°C vapor SAW
BCC (04 G3 8 27 4296 5194 | 00020 009 25-1A 60°C agueous SAW
BCC 005 G3 8 27 4296 52 61 00014 007 25-1A 60°C aqueous SAW
BCC 006 G3 827 4298 5243 | 00009 004 25-1A  |60°C aqueous SAW
BCC 007 G3 8 27 B376 5223 | 00015 004 25-2B 80°C vapor SAW
BCC 008 G3 B 27 8376 5272 | 00012 003 25-28 60°C vapor SAW
BCC 008 G3 8 27 8376 5300 | 00005 001 25-28 80°C vapor SAW
BCC 010 G3 827 8376 5202 00019 005 25-2A 80°C aqueous SAW
BCC 011 G3 827 8376 5222 | 00021 005 25-2A 60°C aqueous SAW
BCC 012 G3 827 8376 5233 | 00021 005 25-2A 60°C aqueous SAW
BCC 031 G3 8 27 4344 5254 | 00006 003 26-18 90°C vapor SAW
BCC 032 G3 8 27 4344 5274 | 00012 008 26-1B 80°C vapor SAW

22-80 Engineered Materials Characterization Report



2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrasion Vessel Test environment

Identification {g/cc) time area loss rate number-rack
{hours} | (sq cm) (a) {um/y) number

BCC 033 G3 8 27 4344 5236 | 00013 006 26-1B 90°C vapor SAW
BCC 034 G3 827 4344 5284 | 00013 006 26-1A 80°C aqueous SAW
BCC 035 G3 827 4344 5238 | 00011 005 26-1A 90°C aqueous SAW
BCC 036 G3 827 4344 52 61 0 0223 103 26-1A  190°C agqueous SAW
BCC 037 G3 827 8784 5238 | 00001 000 28-2B 90°C vapor SAW
BCC 038 G3 8 27 8784 5254 | 00004 oo 26-2B 90°C vapor SAW
BCC 039 G3 8 27 8784 5208 | 00003 0o 26-2B 90°C vapor SAW
BCC 040 G3 827 8784 52 48 0 0081 019 26-2A 90°C aqueous SAW
BCC 041 G3 827 8784 5258 | 00003 001 26-2A 90°C agueous SAW
BCC 042 G3 827 8784 52 11 00008 002 26-2A 90°C aqueous SAW
BCC 061 G3 827 4392 5233 { 00019 009 27-1B 60°C vapor SCW
BCC 062 G3 827 4392 52 31 00016 007 27-1B 60°C vapor SCW
BCC 063 G3 827 4392 5210 | 00013 006 27-1B 60°C vapar SCW
BCC 064 G3 827 4392 5266 | 00022 010 27-1A 60°C agueous SCW
BCC 065 G3 827 4392 5188 | 00020 009 27-1A 80°C aqueous SCW
BCC 066 G3 827 4392 5202 { 00026 012 27-1A 80°C aqueous SCW
BCC 091 G3 827 4464 5204 | 00010 005 28-1B 90°C vapor SCW
BCC 092 G3 827 4464 5337 | 00007 003 28-1B 90°C vapor SCW
BCC 093 G3 827 4464 5256 | 00008 004 28-1B 90°C vapor SCW
BCC 094 G3 827 4464 5202 | 00029 013 28-1A 90°C agueous SCW
BCC 085 G3 827 4464 52 80 00028 013 28-1A 90°C aqueous SCW
BCGC 096 G3 8 27 4464 5097 | 00036 017 28-1A 90°C agueous SCW
BCC 121 G3 827 4464 5244 | 00013 006 29-1B 60°C vapor SBW
BCC 122 G3 8 27 4464 5184 0 0009 004 29-1B 6G°C vapor SDW
BCC 123 G3 827 4464 5232 | 00017 008 29-1B 60°C vapor SDW
BCC 124 a3 827 4464 52 21 00012 005 29-1A 80°C aqueous SDW
BCC 125 G3 8 27 4464 5218 | 00017 008 29-1A 680°C aqueous SDW
BCC 126 G3 827 4464 5258 | 00013 0086 29-1A 80°C aqueous SDW
BCC 157 G3 827 4392 52 34 00019 009 30-1B 90°C vapor SDW
BCC 158 G3 827 4392 5218 | 00007 003 30-1B 80°C vapor SDW
BCC 159 G3 B a7 4392 5255 | 00012 006 30-1B 90°C vapor SDW
BCC 160 G3 8 27 4392 5260 | 00015 007 30-1A 90°C aqueous SBW
BCC 161 G3 827 4392 52 38 00009 004 30-1A 90°C aqueous SDW
BCC 162 G3 827 4392 5230 | 00014 006 30-1A 90°C aquecus SDW
CCA 001 C4 8 60 4296 5202 | 00035 016 25-1B 60°C vapor SAW
CCA 002 C4 860 4296 51 91 00015 007 25-1B 60°C vapor SAW
CCA 003 C4 860 4296 5203 | 00024 011 25-1B 60°C vapor SAW
CCA 004 C4 860 4296 5199 | 00028 013 25-1A 60°C aqueous SAW
CCA 005 C4 8 60 4296 5195 | 00022 010 25-1A 60°C aqueous SAW
CCA 006 C4 8 60 4296 5207 | 00024 011 25-1A 60°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure| Surface | Weight |Corrosion Vessel Test environment

identification (g/ce) time area loss rate number-rack
(hours) | (sq cm) {q) (um/y) number

CCA 007 C4 8 60 8378 5195 | 00013 003 25-2B 60°C vapor SAW
CCA 008 C4 8 60 8376 5198 | 00011 003 25-28 60°C vapor SAW
CCA 009 C4 8 60 8376 5196 | 00010 002 25-28 60°C vapor SAW
CCA 010 C4 8 80 8376 5195 | 00025 006 25-2A 60°C aqueous SAW
CCA 011 C4 860 8376 5208 | 00029 007 25-2A 60°C agueous SAW
CCA 012 C4 g 60 8376 5187 | 00033 Q008 25-2A 60°C aqueous SAW
CCA 031 C4 860 4344 52 30 0 0009 004 26-1B 90°C vapor SAW |
CCA 032 C4 860 4344 5078 0 0008 004 26-1B 90°C vapor SAW
CCA Q33 C4 880 4344 5146 | 00005 002 26-18 90°C vapar SAW
CCA 034 C4 8 60 4344 5139 00058 026 26-1A 90°C agueous SAW
CCA 035 C4 860 4344 5143 00048 022 26-1A 80°C aqueous SAW
GGCA (036 C4 860 4344 5133 | 00057 026 ] 26-1A 90°C agueous SAW
CCA 037 C4 8 60 8784 5250 | 00024 005 26-28 90°C vapor SAW
CCA 038 C4 8 60 8784 51 51 00025 006 26-28 90°C vapor SAW
CCA Q39 C4 860 8784 5070 | 00021 Q05 26-2B 90°C vapor SAW
CCA 040 C4 8 60 8784 5152 | 000866 015 26-2A 80°C aqueous SAW
CCA 041 C4 860 8784 5135 0 0061 014 26-2A 90°C agueous SAW
CCAQ42  |c4 860 | 8784 | 5077 | oooeo| o014 26-2A  |90°C aqueous SAW
CCA 081 C4 8 60 4392 5146 | 00022 010 27-18 60°C vapor SCW
CCA 062 C4 860 4392 5208 00017 008 27-1B 80°C vapor SCW
CCA 083 C4 860 4392 5217 | 00019 008 27-1B 80°C vapor SCW
CCA B4 IE:— 860 4392 5189 00025 011 27-1A 80°C agueous SCW
CCA 065 c4 860 4392 5172 00024 011 27-1A 60°C aqueous SCW
CCA 066 C4 860 4392 5168 | 00038 017 27-1A 80°C aqueous SCW
CCA 091 G4 ga0 4464 52 43 0 0007 0a3 28-18 90°C vapor SCW
CCA 092 C4 80 4464 b2 22 0 0004 0oz 28-1B 90°C vapor SCW
CCA 093 C4 8 80 4464 5232 | 00010| 004 28-1B 90°C vapor SCW
GCA 094 C4 880 4464 52 31 0 0028 a1 28-1A 90°C aqueous SCW
CCA 095 Ca 860 4464 52 43 0 0031 013 28-1A 80°C aqueous SCW
CCA 096 C4 860 4464 52 41 00028 012 28-1A 90°C aqueous SCW
CCA 121 C4 8 60 4464 K2 45 00011 Qo5 29-1B 60°C vapor SDW
CCA 122 C4 860 4464 5197 | 00007 003 29-1B 60°C vapor SDW
CCA 123 C4 8 60 4464 5218 | 00017 007 29-1B 80°C vapor SDW
CCA 124 C4 860 4464 52 14 00009 004 28-1A 60°C aqueous SDW
CCA 125 Ca 860 4464 5235 | 00014 006 28-1A 80°C agueous SDW
CCA 126 C4 8 60 4464 52 20 0 0008 003 29-1A 60°C aqueous SDW
CCA 157 C4 860 4392 5216 | 00011 005 30-1B 90°C vapor SDW
CCA 158 C4 8 60 4392 5232 | 00020 0409 30-18 80°C vapor SDW
CCA 159 C4 8 60 4392 5224 | 00025 011 30-1B 90°C vapor SDW
CCA 160 C4 860 4392 5224 0 0004 002 30-1A 90°C aqueous SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification (g/cc) time area loss rate number-rack
(hours) | (sq cm) {g) {nmty) number

CCA 161 C4 860 4392 5167 | 00013 006 30-1A 80°C aqueous SDW
CCA 162 C4 860 4392 5112 {1 00018 008 30-1A  [90°C aqueous SDW
CCB 001 C4 8 60 4296 5127 | 00025 012 25-18 60°C vapor SAW
CCB 002 C4 880 4296 5126 | 00020 009 25-1B 60°C vapor SAW
CCB 003 C4 8 60 4298 5070 | 00024 011 25-1B 60°C vapor SAW
CCB 004 C4 860 4296 5104 | 00043 020 25-1A 80°C aqueous SAW
CCB 005 C4 860 4296 5066 | 00030 014 25-1A 60°C aqueous SAW
CCB 006 C4 8 60 4296 5100 | 00027 013 25-1A 60°C agueous SAW
CCB 007 C4 860 8376 5070 | 00018 005 25-2B 60°C vapar SAW
CCB 008 C4 860 8376 51683 | 00022 005 25-2B 60°C vapar SAW
CCB 009 C4 8 60 8376 5155 | 00018 004 25-2B 60°C vapar SAW
CCB 010 C4 860 8376 5130 | 00038 009 25-2A 80°C aqueous SAW
CCB O C4 860 8376 5179 | 00040 009 25-2A 60°C agueous SAW
CCB 012 C4 860 8376 5086 | 00033 008 25-2A 80°C aqueous SAW
CCB 031 C4 8 60 4344 5195 | 00042 019 26-18 90°C vapar SAW
CCB 032 C4 880 4344 5119 | 00018 008 26-1B 90°C vapor SAW
CCB 033 C4 860 4344 50 55 00012 008 26-1B 90°C vapor SAW
CCB 034 C4 8 60 4344 51 30 0 0036 016 26-1A 90°C aqueous SAW
CCB 035 C4 8 60 4344 5086 | 00035 018 26-1A 80°C aqueous SAW
CCB 036 C4 8 60 4344 5205 | 00047 021 26-1A 90°C agqueous SAW
CCB 037 Cd 8 60 8784 5114 | 00021 005 26-2B 90°C vapor SAW
CCB 038 C4 8 60 8784 5130 | 00020 005 26-2B 90°C vapor SAW
CCB 039 C4 8 60 8784 5108 | 00021 005 26-2B 90°C vapor SAW
CCB 040 C4 860 8784 5172 | 00044 010 26-2A 90°C aqueous SAW
CCB 041 C4 8 60 8784 5166 | 00049 011 26-2A 80°C aqueous SAW
CCB 042 C4 8 60 8784 5086 | 00042 g 10 26-2A 90°C aqueous SAW
CCB 061 C4 860 4392 5175 0 0008 004 27-1B 60°C vapor SCW
CCB 062 C4 8 60 4392 5163 | 00011 005 27-1B 60°C vapor SCW
CCB 063 C4 860 4392 5139 | 00009 004 27-1B 80°C vapor SCW
CCB 064 C4 8 60 4392 5147 | 00026 012 27-1A 60°C aqueous SCW
CCB0es C4 860 4392 5114 00028 012 27-1A 60°C aqueous SCW
CCB 066 C4 8 60 4392 5163 | 00030 013 27-1A 60°C aquecus SCW
CCB 091 C4 860 4464 5125 | 00005 002 28-1B 90°C vapor SCW
CCB 092 C4 860 4464 5144 | 00002 001 28-1B 90°C vapor SCW
CCB 093 C4 8 60 4464 5155 | 00009 004 28-1B 90°C vapor SCW
CCB 094 C4 860 4464 5159 | 00024 011 28-1A 90°C aqueous SCW
CCB 095 C4 860 4464 5175 | 00032 014 28-1A 90°C aqueous SCW
CCB 096 C4 860 4464 5137 | 00038 017 28-1A  |90°C agueous SCW
CCB 121 Cc4 8 60 4464 5166 | 00012 005 29-1B 60°C vapor SDW
CCB 122 C4 8 60 4464 5070 | 00009 004 29-1B 80°C vapor SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight ; Corrosion Vessel Test environment

identification {g/ce) time area loss rate number-rack
(hours) | (sq cm) {q) (um/y) numb_e_r

ccB 123 C4 860 4464 51 24 0_00L14 006 29-1B 60°C vapor SDW
CCB 124 C4 8 60 4464 5173 00018 007 29-1A 60°C aqueous SDW
CCB 125 Cd 860 4464 51 48 00013 006 29-1A 60°C aguecus SDW
CCB 126 G4 860 4454 51 b4 { oot0 004 29-1A 80°C aqueous SDW__|
CCB 157 C4 860 4392 51 43 0 0008 004 L_ 30-1B 90°C vapor SDW
CCB 158 C4 8 80 4392 5108 | 00020 009 30-1B 90°C vapor SDW
CCB 158 C4 880 4392 51 06 00015 007 3018 90°C vapor SDW
CCB 160 C4 8 60 4392 5129 00011 005 30-1A 90°C aqueous SDW
CCB 161 C4 860 4392 50 94 00014 006 30-1A 90°C aqueous SDW
CCB 162 C4 880 4392 51 01 00010 005 30-1A 90°C aguecus SDW
DCA 001 c22 860 4298 52 52 00019 009 25-1B 80°C vapor SAW
DCA 002 ca2 880 4296 5264 | 00025 01 25-1B 60°C vapor SAW
DCA 003 c22 860 4296 5236 | 00017 008 25-18 £0°C vapor SAW
DCA 004 caz2 860 4296 52 57 0 0023 010 25-1A 60°C agueous SAW
DCA 005 c22 860 4296 52 64 00018 008 25-1A 60°C aqueous SAW
DCA 006 ca2 860 4296 52 88 0 0026 012 25-1A 80°C aquecus SAW
DCA 007 ca2 860 8376 51 85 00018 004 25-28 60°C vapor SAW
DCA 008 ca2z2 8 60 8376 52 69 00022 005 25-28 80°C vapor SAW
DCA 009 ca22 | 880 8378 5240 | 00038 04038 25-28 60°C vapor SAW
DCA 010 c2z2 860 8376 52 87 00022 005 25-2A 60°C aqueous SAW
DCA 011 |C22 | 860 8376 5276 00018 004 25-2A 60°C agueous SAW
DCA 012 c22 860 8376 52 50 0 0021 005 25-2A 60°C aqueous SAW
DCA 031 ca2 8 80 4344 52 64 00017 008 26-1B 90°C vapor SAW
DCA 032 c22 860 4344 5156 00012 005 26-1B 90°C vapor SAW
DCA 033 ca2 860 4344 52 83 00022 010 26-1B 90°C vapor SAW
DCA 034 ca22 860 4344 52 85 0 0085 024 26-1A 90°C aqueous SAW
DCA 035 c22 860 4344 5262 00164 073 26-1A 90°C aqueous SAW
DCA 036 ca22 860 4344 52 03 0 0038 018 2B-1A 90°C aqueous SAW
DCA 037 c22 860 8784 5278 | © Om 003 26-28 90°C vapor SAW
DCA 038 c22 860 8784 5169 0 0022 005 26-2B 90°C vapor SAW
DCA 039 c22 8 60 8784 52 85 00012 003 26-2B 90°C vapor SAW
DCA 040 cz22 860 8784 5172 ;1 00018 004 26-2A 80°C agueous SAW
DCA 041 caz 860 8784 5257 00018 0n4 26-2A 90°C aqueocus SAW
DCA 042 caz2 880 8784 5166 0 0010 002 26-2A 90°C aqueous SAW
DCA 081 c22 860 4392 5239 10018 008 27-18 60°C vapor SCW
DCA 062 ce2 ' B &0 4392 52 48 00022 010 27-18 60°C vapor SCW
DCA 063 ca2 8 80 4392 52 37 00023 010 27-1B 60°C vapor SCW
DCA Q64 caz 880Q 4392 5207 0agz2 010 27-1A 60°C agqueous SCW
DCA (65 ca22 860 4392 5154 | 00024 oM 27-1A 60°C agueous SCW
DCA (66 Cc22 8 60 4392 52 61 00024 011 27-1A 60°C agueous SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrasion Vessel Test environment

identification (g/cc) time area loss rate number-rack
{hours) | (sq cm) {a) {umiy} number L

DGA 091 c22 8 60 4464 5285 | 00016 007 28-1B 90°C vapor SCW
DCA 092 ca2 860 4464 5195 | 00011 005 28-1B 90°C vapor SCW
DCA (093 ca2 860 4464 5274 | 00108 047 28-1B 90°C vapor SCW
DCA 094 ca22 860 4484 52 41 00023 010 28-1A 20°C aqueous SCW
DCA 095 c22 860 4464 5240 0 0015 007 28-1A 90°C aqueous SCW
DCA 096 Cca2 8 60 4464 5263 | 00033 014 28-1A 90°C agueous SCW
DCA 121 caz2 8 60 4464 h249 | 00022 010 29-1B 60°C vapor SDW
DCA 122 ca2 860 4464 5255 | 00017 007 29-1B 60°C vapor SDW
DCA 123 c22 860 4464 5264 | 00020 009 29-1B 60°C vapor SDW
DCA 124 c22 880 4464 5269 | 00020 009 29-1A 60°C aqueous SDW
DCA 125 C22 860 4464 5256 | 00015 007 28-1A 80°C aqueous SDW
DCA 126 ca2 8 60 4464 5285 | 00013 006 29-1A 80°C aqueous SDW
DCA 157 ca2 8 60 4392 5197 | 00013 006 30-1B 90°C vapor SDW
DCA 158 caz2 8 60 4392 5226 | 00014 006 30-1B 90°C vapor SDW
DCA 159 ca2 8 60 4392 5200 | 00013 006 30-1B 90°C vapor SDW
DCA 160 caz B 60 4392 5194 | 00023 010 30-1A 90°C aqueous SDW
DCA 161 Gc22 860 4392 51 B3 00027 012 30-1A 90°C aqueous SDW
DCA 162 ca22 860 4392 5171 00011 005 30-1A 90°C aqueous SDW
DCB 001 c22 860 4296 50 71 00006 003 25-1B 60°C vapor SAW
DCB Q02 c22 860 4296 5063 | 00004 002 25-18 80°C vapor SAW
DCB 003 ca2 860 4296 5085 | 00002 001 25-1B 60°C vapor SAW
DCB 004 ca22 860 4296 50682 | 00014 007 25-1A 60°C aqueous SAW
DCB 005 ca2 8 60 4296 50 21 00014 007 25-1A 60°C aqueous SAW
DCB 006 Cca2 860 4296 5038 | 00010 005 25-1A 60°C agqueous SAW
DCB 007 c22 860 8376 5079 00010 002 25-28 80°C vapor SAW
DCB 008 C22 860 8376 5008 | 00011 003 25-2B 60°C vapor SAW
DCB 009 ce2 8 60 8376 5025 | 00012 003 25-2B 60°C vapor SAW
DCB 010 c22 860 8376 5133 00041 010 25-24 60°C aqueous SAW
DCB 011 a2 860 8376 5065 | 00015 004 25-2A 60°C aqueous SAW
DCB 012 Ca2 860 8376 5033 | 00019 005 25-2A 60°C agueous SAW
DCB 031 c22 860 4344 5040 | 00011 005 26-1B 90°C vapor SAW
DCB 032 ca2 8 60 4344 50 21 00010 005 26-1B 90°C vapor SAW
DCB 033 ca2 8 60 4344 5045 | 00015 007 26-1B 90°C vapor SAW
DCB 034 ca2 8 60 4344 5025 | 00000 000 26-1A 90°C aqueous SAW
DCB 035 C22 860 4344 5070 | 00009 004 26-1A 90°C aqueous SAW
DCB 036 ca2 860 4344 5029 | 00023 011 26-1A 90°C aqueous SAW
DCB 037 ca2 8 60 8784 5044 | 0.0007 002 26-2B 90°C vapor SAW
DCB 038 cz2 8 60 8784 5004 | 00008 002 26-2B 90°C vapaor SAW
DCB 039 Cca2 8 60 8784 5055 | 00007 002 26-2B 90°C vapor SAW
DCB 040 G22 860 8784 5132 | 00025 0 06 26-2A 90°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface { Weight {Cotrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) | (sqcm) (g) (nmiy) number

DCBOM  |C22 860 | 8784 | 5087 | 00012] 003 2624 |90°C aqueous SAW
DCB 042 G22 880 8784 5157 0 0045 010 26-2A 90°C agueous SAW
DCB 061 22 560 4392 50 41 00012 006 2718 (60°C vapor SCW
DCB 062 ca2 860 4392 5169 | 00023 010 27-1B 60°C vapor SCW
DCEB 0683 ca2 8 60 4392 5162 | (0025 011 27-18 60°C vapor SCW
DCB 064 ce2 8 60 4392 5013 | 00028 013 27-1A 60°C agueous SCW
DCB 065 ce2 860 4392 5034 | 00020 009 27-1A__ |60°C aqueous SCW
DCB (066 cez2 860 4392 50 41 00019 009 27-1A 80°C aqueous SCW
DCB 091 Cc22 860 4464 ] 5148 | 00000 000 28-1B 30°C vapor SCW
DCB 092 caz B 80 4464 5139 | 00008 003 28-1B 90°C vapor SCW
DCB 093 c2z 860 4464 51 21 0 0009 004 28-1B 90°C vapor SCW
DCB 094 c22 860 4464 51 11 00015 007 28-1A  |90°C aqueous SCW
DCB 095 caz2 8 60 4464 5191 00057 025 2B8-1A 80°C aqueous SCW
DCB 096 ca2 8 60 4464 51 53 00023 010 2B8-1A 90°C aqueous SCW
DCB 121 c22 860 4464 5084 | 00016 0407 28-1B  160°C vapor SDW
DCB 122 caz 8 60 4484 5083 | 00019 009 29-1B 60°C vapor SDW
DCB 123 c22 860 4464 5097 | 00020 009 29-1B 60°C vapor SDW
DCB 124 c22 g 80 4484 50 81 00022 010 28-1A  160°C aqueous SDW
DCB 125 ca2 860 4464 50 01 00016 007 29-1A 60°C agueous SDW
DCB 128 ca2 8 60 4464 5173 | 00023 010 29-1A 60°C agueous SDW
DCB 157 caz 860 F—‘4392 50 49 040018 0 Q7 30-1B 90°C vapar SDW
DCB 158 ca2 860 4392 5080 | 00017 008 30-1B 90°C vapor SDW
DCB 159 c22 8 60 4392 5175 00011 005 30-1B 90°C vapor SDW___J
DCB 160 caz2 8 60 4392 50 89 0 Q014 0oe 30-1A 90°C aguecus SDW
DCB 161 c22 8 60 4392 5169 | 00018 008 30-1A  [90°C aqueous SDW
DCB 162 Cc22 860 4392 5076 | 00009 004 30-1A 90°C aqueous SDW
ECA 001 Ti Grade 12 443 4296 5224 | 00567 500 25-1B 80°C vapor SAW
ECA 002 Ti Grade 12 4 43 4296 5356 0 0555 477 2518 60°C vapor SAW
ECA 003 Ti Grade 12 443 4296 5030 | 00936 856 25-1B 60°C vapor SAW |
ECA 004 Ti Grade 12 4 43 4296 5192 | 00855 758 25-1A 60°C aqueous SAW
ECA Q05 Ti Grade 12 443 4236 5294 | 00649 564 25-1A 80°C agueous SAW
ECA 008 Ti Grade 12 443 4296 49 19 0082 7 60 25-1A 680°C aqueous SAW
ECA 007 Ti Grade 12 443 8376 5101 |-00005| 002 25-28 60°C vapor SAW
ECA 008 Ti Grade 12 443 8376 5033 | 00002 0ot 25-28 60°C vapar SAW
ECA 009 Tt Grade 12 4 43 8376 5267 |-D0006| -0D03 25-2B 80°C vapor SAW
ECA 010 Ti Grade 12 443 8376 51 11 00010 005 25-2A 80°C aqueous SAW
ECA 011 Ti Grade 12 4,43 8376 5144 00015 007 25-2A 60°C agueous SAW
ECA 012 Ti Grade 12 4.43 8376 50998 | 00009 004 25-2A  180°C agueous SAW
ECA 031 Ti Grade 12 4.43 4344 53 01 01173 1007 26-1B 90°C vapor SAW
ECA 032 Ti Grade 12 443 4344 5315 | 00934 800 26-1B 90°C vapor SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification (g/cc) time area loss rate number-rack
{hours) | (sq cm) {a) (um/fy) number

ECA 033 Ti Grade 12 4 4-5 43;: 5369 | 00477 404 26-1B 90°C vapor SAW
ECA (34 Ti Grade 12 443 4344 5374 | 00063 053 26-1A 90°C aqueous SAW
ECA 035 Ti Grade 12 443 4344 5080 | 00501 449 26-1A 90°C acueous SAW
ECA 036 Ti Grade 12 443 4344 5038 | 00583 527 26-1A 90°C aqueous SAW
ECA 037 Ti Grade 12 443 8784 5101 | 00010 004 26-2B 90°C vapor SAW
ECA 038 Ti Grade 12 443 8784 5157 |-00020| -009 26-28 90°C vapor SAW
ECA 039 Ti Grade 12 443 8784 5132 100015 —007 26-28 90°C vapor SAW
ECA 040 Ti Grade 12 443 8784 5106 |~00097| 043 26-2A 90°C agqueous SAW
ECA Q4 Ti Grade 12 443 8784 5073 |-00061| 027 26-2A 80°C agueous SAW
ECA 042 Ti Grade 12 443 8784 5063 | 00056 ~-025 26-2A 90°C aqueous SAW
ECA 061 Ti Grade 12 443 4392 5267 | 00948 810 27-1B 60°C vapor SCW
ECA 062 Ti Grade 12 443 4392 5256 | 01051 800 27-1B 80°C vapor SCW
ECA 063 Ti Grade 12 443 4392 52 49 00788 677 27-1B 60°C vapor SCW
ECA 064 Ti Grade 12 4 43 4392 5172 | 00861 7 49 27-1A 60°C agueous SCW
ECA 065 Ti Grade 12 4 43 4392 5262 | 00897 768 27-1A 60°C aqueous SCW
ECA 066 Ti Grade 12 443 4392 51 50 00821 718 27-1A 60°C aqueous SCW
ECA 091 Ti Grade 12 4 43 4464 5276 f 01209( 1015 28-1B 90°C vapor SCW
ECA 092 Ti Grade 12 443 4464 5277 | 00921 773 28-1B 90°C vapor SCW
ECA 093 Ti Grade 12 443 4464 52 76 00739 620 28-1B 90°C vapor SCW
ECA 094 Ti Grade 12 4 43 4464 5228 | 04216 3572 28-1A 90°C aqueous SCW
ECA 095 Ti Grade 12 443 4464 5113 00804 6 96 28-1A 90°C agueous SCW
ECA 096 Ti Grade 12 4 43 4464 5186 | 00901 770 28-1A 90°C aqueous SCW
ECA 121 Ti Grade 12 4 43 4464 5360 | 00721 596 29-18B 60°C vapor SDW
ECA 122 Ti Grade 12 443 4464 5387 | 00551 453 29-1B 60°C vapor SDW
ECA 123 Ti Grade 12 443 4464 5358 | 00493 408 29-1B 60°C vapor SDW
ECA 124 Ti Grade 12 443 4464 53098 | 008677 565 29-1A 80°C aqueous SDW
ECA 125 Ti Grade 12 443 4464 53 49 00538 4 46 29-1A 60°C aqueous SDW
ECA 126 Ti Grade 12 4 43 4464 5366 | 00686 566 29-1A 60°C aqueous SDW
ECA 157 Ti Grade 12 443 4392 5218 | 00899 776 30-1B 90°C vapor SDW
ECA 158 Ti Grade 12 443 4392 5257 | 00911 7 80 30-1B 90°C vapor SDW
ECA 159 Ti Grade 12 443 4392 5242 | 01056 907 30-18 90°C vapor SDW
ECA 160 Ti Grade 12 443 4392 52 16 00784 677 30-1A 90°C aqueous SDW
ECA 161 Ti Grade 12 443 4392 5258 | 00804 £ 88 30-1A 90°C agueous SDW
ECA 182 Ti Grade 12 443 4392 5154 | 00851 7 43 30-1A 90°C aqueous SDW
ECD 01 Ti Grade 12 4 43 4296 5359 | 00567 4 87 25-18 60°C vapor SAW
ECD 002 Ti Grade 12 443 42986 5369 | 00445 381 25-1B 60°C vapor SAW
ECD 003 Ti Grade 12 443 4296 53 93 0 0880 7 51 25-18 80°C vapor SAW
ECD 004 Ti Grade 12 443 4296 5374 00278 238 25-1A 60°C aqueous SAW
ECD 005 Ti Grade 12 4 43 4296 5357 | 00297 255 25-1A  |60°C aquecus SAW
ECD 006 Ti Grade 12 443 4296 5376 | 00312 267 25-1A 60°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) { (sqcm) (ag) (pm/y) number

ECD 007 Ti Grade 12 443 8376 5372 00010 004 25-2B 60°C vapor SAW
ECD 008 Ti Grade 12 443 8376 5391 |-00007] 003 25-28 60°C vapor SAW
ECD 008 Ti Grade 12 4 43 8376 5343 |-00002] 001 25-28 60°C vapor SAW
ECD 010 Ti Grade 12 4 43 B376 5349 | 00008 004 25-2A  160°C aqueous SAW
ECD 011 Ti Grade 12 443 8376 5389 | 00008 003 25-2A 80°C aqueous SAW
ECD Q12 Ti Grade 12 443 8376 5388 | 00000 0 00 L 25-2A 60°C aqueous SAW
ECD 031 Ti Grade 12 4 43 4344 5382 | 012685 1074 26-1B 90°C vapor SAW
ECD 032 Ti Grade 12 443 4344 5345 | 00797 679 26-1B 80°C vapor SAW
£CD 033 Ti Grade 12 443 4344 5393 | 01362 1150 26-1B 90°C vapor SAW
ECD 034 Ti Grade 12 4 43 4344 5396 | 00804 678 26-1A 90°C agueous SAW
ECD 035 Ti Grade 12 443 4344 53 61 00468 397 26-1A 90°C aqueous SAW
ECD 036 Ti Grade 12 443 4344 5392 | 00478 404 26-1A 80°C aqueous SAW
ECD 037 Ti Grade 12 443 B784 5367 {00011 005 26-2B 90°C vapor SAW
ECD 038 Ti Grade 12 443 8784 5375 |-000168| -0G7 26-2B 90°C vapor SAW
ECD 039 Ti Grade 12 443 8784 5365 {00015 -0086 26-28 §0°C vapor SAW
ECD 040 Ti Grade 12 4 43 8784 5366 |-00054| 023 26-2A 80°C agueous SAW
ECD 041 Ti Grade 12 4 43 8784 5383 |-00060| -025 26-2A 90°C aqueous SAW
ECD 042 Ti Grade 12 | 443 8784 5329 |-00058| 025 26-2A 90°C aqueous SAW
ECD 061 Ti Grade 12 443 4392 5383 | 00884 739 27-1B 80°C vapor SCW
ECD 062 Ti Grade 12 443 | 4392 5374 | 01104 925 27-1B 60°C vapor SCW
ECD 063 Ti Grade 12 443 4392 5368 | 00684 574 27-1B 60°C vapor SCW
ECD 064 Ti Grade 12 443 L 4392 5359 | 00937 787 27-1A 60°C agueous SCW
ECD 065 Ti Grade 12 4 43 4392 53 87 00790 660 27-1A 80°C agueous SCW
ECD 068 Ti Grade 12 443 4392 53 69 00815 683 27-1A 60°C aqueous SCW
'ECD 081 Ti Grade 12 443 4464 52749 0 0696 584 28-1B 90°C vapar SCW
ECD 092 Ti Grade 12 I~ 443 4464 5333 00682 5860 28-1B 90°C vapor SCW
ECD 093 Ti Grade 12 443 4464 53 93 0 0862 7 QF 28-1B 90°C vapor SCW
ECD 084 Ti Grade 12 443 4464 5404 | (0842 €90 28-1A 90°C aqueous SCW
ECD 085 Ti Grade 12 443 4464 53 49 00995 824 28-1A 90°C aqueous SCW
ECD 096 Ti Grade 12 443 4464 53 71 0 0939 774 28-1A 90°C agueous SCW
ECD 121 Ti Grade 12 443 4464 | 5370 00619 511 29-1B 60°C vapor SDW
ECD 122 Ti Grade 12 443 4464 5416 | 00685 560 29-18  [80°C vapor SDW
ECD 123 Ti Grade 12 443 4464 5396 | 00966 793 29-1B 60°C vapor SDW
ECD 124 Ti Grade 12 4 43ﬁ 4464 5336 | 00796 8 61 29-1A 680°C agqueous SDW
ECD 125 Ti Grade 12 443 4464 5398 00642 527 29-1A 60°C aqueous SDW
ECD 126 Ti Grade 12 443 4464 5384 | 00867 467 29-1A 80°C aqueous SDW
ECD 157 Ti Grade 12 443 4392 £3.75 | 01051 880 30-1B 90°C vapor SDW
ECD 158 Ti Grade 12 4 43 4392 5395 | 01011 844 30-1B 90°C vapor SDW
ECD 159 Ti Grade 12 443 4392 5377 | 00747 625 30-1B 90°C vapor SDW
ECD 160 Ti Grade 12 443 4392 5386 | 00683 571 30-1A 90°C aqueous SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

Identification {g/ce) time area loss rate number-rack
(hours) | (sq cm) () {(umfy) number

ECD 161 Ti Grade 12 443 4392 5370 | 00746 826 30-1A 90°C aqueous SDW
ECD 162 Ti Grade 12 443 4392 5383 | 00793 £ 63 30-1A 90°C aqueous SDW
FCA Q01 Ti Grade 16 452 4296 5253 | 01175| 1009 25-1B 60°C vapor SAW
FCA DD2 Ti Grade 16 452 4296 5202 | 00450 390 25-1B 80°C vapor SAW
FCA 003 Ti Grade 16 452 4296 5247 | 00449 386 25-1B 60°C vapor SAW
FCA 004 Ti Grade 16 452 4296 5278 | 00415 355 25-1A 60°C aqueous SAW
FCA 005 Ti Grade 16 4 52 4298 5254 ¢ 00563 483 25-1A 60°C agueous SAW
FCA 006 Ti Grade 16 4 52 4296 52 39 00417 359 25-1A 60°C aqueous SAW
FCA 007 Ti Grade 16 4 52 8376 5239 [-00002] 001 25-2B 60°C vapor SAW
FCA 008 Ti Grade 16 452 B376 5284 (00008 004 25-2B 60°C vapor SAW
FCA 009 Ti Grade 16 452 8376 5260 |00006] —003 25-2B 60°C vapor SAW
FCA 010 Ti Grade 18 4 52 8375 5272 | 00001 000 25-2A 60°C aqueous SAW
FCA 011 Ti Grade 16 452 8376 5267 | -0 0001 000 25-2A 60°C aqueous SAW
FCA 012 Ti Grade 16 452 8376 52 53 0 0001 000 25-2A 60°C aqueous SAW
FCA 031 Ti Grade 16 452 4344 5225 | 00541 462 26-1B 90°C vapor SAW
FCA (032 Ti Grade 16 452 4344 5242 | 00575 489 26-1B 90°C vapor SAW
FCA 033 Ti Grade 16 452 4344 5213 | 00793 679 26-1B 90°C vapor SAW
FCA 034 Ti Grade 16 452 4344 5198 | 00216 185 26-1A 90°C aqueous SAW
FCA 035 Ti Grade 16 4 52 4344 5238 | 00186 1 58 26-1A 90°C aqueous SAW
FCA 036 Ti Grade 16 452 4344 52 29 00322 275 26-1A 90°C aqueous SAW
FCA 037 Ti Grade 16 452 8784 5242 |-00012! -005 26-2B 90°C vapor SAW
FCA 038 Ti Grade 16 4 52 8784 5271 |00014; 0086 26-2B 80°C vapor SAW
FCA 039 Ti Grade 16 4 52 B784 5235 | 00012 005 26-2B 90°C vapor SAW
FCA 040 Ti Grade 16 452 8784 5294 |-00050] 021 26-2A 90°C aqueous SAW
FCA 041 Ti Grade 16 452 8784 5291 |-00059 —25 26-2A 90°C aqueous SAW
FCA 042 Ti Grade 16 4 52 8784 5245 00056 024 26-2A 90°C aqueous SAW
FCA 061 Ti Grade 16 4 52 4392 5238 | Q0674 568 27-18 60°C vapor SCW
FCA 062 Ti Grade 16 452 4392 5238 | 00582 490 27-1B 80°C vapor SCW
FCA 083 Ti Grade 16 452 4392 52 32 0 0563 475 27-1B 60°C vapor SCW
FCA 064 Ti Grade 16 452 4392 52 41 0 0589 498 27-1A 60°C aqueous SCW
FCA 085 Ti Grade 16 452 4392 52 90 (0442 369 27-1A 60°C aqueous SCW
FCA 066 Ti Grade 18 452 4392 5227 | 00559 472 27-1A 80°C aquecus SCW
FCA 091 Ti Grade 16 4 52 4464 5264 | 00802 7 44 28-1B 90°C vapor SCW
FCA 092 Ti Grade 16 452 4464 5287 | 01321 10 85 28-1B 90°C vapor SCW
FCA 093 Ti Grade 16 452 4464 52 59 01158 956 28-1B 90°C vapor SCW
FCA 094 Ti Grade 16 452 4464 52 89 0 0800 6 57 28-1A 80°C aqueous SCW
FCA 095 Ti Grade 16 452 4464 52 43 00811 672 28-1A 90°C agueous SCW
FCA 096 Ti Grade 16 452 4464 5249 | 01044 863 28-1A 90°C aqueous SCW
FCA 121 Ti Grade 16 452 4464 5282 | 00587 4 66 29-1B 60°C vapor SDW
FCA 122 Ti Grade 16 452 4464 5252 | 00535 442 29-1B 60°C vapor SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density] Exposure | Surface | Weight | Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) [ (sgq cm) () {pm/y) number

FCA 123 Ti Grade 16 452 4464 5282 | 00725 596 29-1B £60°C vapor SDW
FCA 124 Ti Grade 16 4.52 44654 5266 00572 472 29-1A 60°C aqueous SDW
FCA 125 Ti Grade 16 452 4464 5316 | 00634 518 29-1A 60°C aqueaus SDW
FCA 126 Ti Grade 16 4 52 4464 52 81 0 0628 516 29-1A 60°C agueous SDW
[FCA 157 Ti Grade 16 452 4392 5292 | 01585 1330 30-1B 90°C vapor SDW
FCA 158 Ti Grade 18 4 52 4392 5223 | 00832 703 30-1B 90°C vapor SDW
FCA 159 Ti Grade 16 452 4392 5268 | 00816 683 30-18 90°C vapor SDW
FCA 160 Ti Grade 16 452 4392 53 03 0 0569 473 30-1A 80°C agueous SDW
FGA 161 Ti Grade 16 4 52 4392 5283 | 00632 528 30-1A 90°C aqueous SDW
FCA 162 Ti Grade 16 452 | 4392 5288 | 00884 571 30-1A 80°C agueous SDW
FCE 001 Ti Grade 16 4 52 4296 51 86 0 0679 5 91 25-1B 60°C vapor SAW
FCE 002 Ti Grade 16 452 4296 5157 00897 785 25-1B 60°C vapor SAW
FCE 003 Ti Grade 16 452 42968 5184 [ 00588 512 25-18 60°C vapor SAW
FCE 004 Ti Grade 16 452 4296 5134 | 00397 349 25-1A B80°C aqueous SAW
FCE 005 Ti Grade 16 452 4296 5183 00182 158 25-1A 80°C aqueous SAW
FCE 006 Ti Grade 16 452 { 4296 5184 | 00249 217 25-1A 80°C aqueous SAW
FCE 007 Ti Grade 16 452 B376 5179 |-00003; 0O 25-2B B0°C vapor SAW ﬂ
FCE 008 Ti Grade 16 452 8376 5174 |-00004] 002 25-2B 80°C vapor SAW B
FCE 009 Ti Grade 16 452 8376 5182 |-0Q006{ -Q03 25-2B 60°C vapor SAW
FCE 010 Ti Grade 16 4 52 8376 5179 0 0007 003 25-2A 80°C aqueous SAW
FCE 011 Ti Grade 16 452 8376 5154 00014 006 25-2A 60°C aqueous SAW ]
FCEO012 Ti Grade 16 452 8376 5204 | 00008 004 25-2A 60°C agueous SAW
FCE 031 Ti Grade 18 452 4344 5189 | 00580 493 |  26-18 90°C vapor SAW
FCE 032 Ti Grade 16 452 4344 5174 0 0649 560 26-1B 90°C vapor SAW
FCE 033 Ti Grade 16 | 452 4344 50 80 0 0508 446 26-1B 80°C vapor SAW
FCE 034 Ti Grade 16 452 4344 5092 | 00322 282 26-1A 90°C aqueous SAW
FCE 035 Ti Grade 16 452 4344 51 81 0 0409 352 26-1A 90°C aqueous SAW
FCE 036 | Ti Grade 16 452 4344 5117 | 00289 252 26-1A 90°C aqueous SAW
+CE 037 Ti Grade 16 452 B784 5230 |-00005{ —0Q2 26-28 90°C vapor SAW
FCE 038 Ti Grade 16 4 52 8784 5184 |-00017) 007 26-2B 90°C vapor SAW
FCE 039 Ti Grade 16 452 8784 5134 |-00018] 008 26-2B 90°C vapor SAW
FCE 040 Ti Grade 16 452 8784 5169 |-000521 -Q22 26-2A  [90°C aqueous SAW
FCE 041 Ti Grade 16 452 8784 5179 |-00054) 023 26-2A  |90°C agueous SAW
FGE 042 Ti Grade 16 452 8784 5142 |-00038| -016 26-2A 90°C aqueous SAW
FCE 061 Ti Grade 16 452 4392 5154 | 02982| 2553 27-1B 60°C vapor SCW
FCE 062 Ti Grade 16 452 4392 5145 [-01295] —1 11 27-1B £0°C vapor SCW
FCE 063 Ti Grade 16 452 4392 5106 00429 37 27-1B 80°C vapor SCW
FCE 064 Ti Grade 16 452 4392 5127 | 00398 343 27-1A 80°C aqueous SCW
FCE 065 T Grade 16 452 4392 5117 | 00411 354 27-1A 60°C aqueous SCW
FCE 066 Ti Grade 16 452 4392 5110 00513 443 27-1A 60°C aqueous SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure| Surface | Weight | Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) | (sq cm) (9) (umiy) number

FCE 091 Ti Grade 18 452 4464 5065 | 00812 6 96 28-1B 90°C vapor SCW
FCE 092 Ti Grade 18 452 4464 5094 | 00874 745 28-18 80°C vapor SCW
FCE 093 Ti Grade 16 452 4464 5162 00791 6 65 28-1B 90°C vapor SCW
FCE 094 Ti Grade 16 4 52 4464 5139 | 00742 627 28-1A  |90°C agueous SCW
FCE 085 Ti Grade 16 452 4464 5113 | 00625 531 28-1A 80°C aqueous SCW
FCE 096 Ti Grade 16 452 44564 5166 | 00706 594 28-1A 90°C aqueous SCW
FCE 121 Ti Grade 16 452 4464 5142 | 00686 579 29-1B 60°C vapor SDW
FCE 122 Ti Grade 16 452 4464 51 51 00677 571 29-1B 60°C vapor SDW
FCE 123 Ti Grade 18 452 4464 5190 0 0663 555 29-1B 60°C vapor SDW
FCE 124 Ti Grade 16 452 4464 5125 | 00692 5 B6 28-1A 60°C aqueous SDW
FCE 125 Ti Grade 16 452 4464 51 21 00457 387 28-1A 60°C aqueous SDW
FCE 126 Ti Grade 16 452 4464 5144 | 00508 429 29-1A 60°C aqueous SDW
FCE 157 Ti Grade 16 452 4392 5145 | 01385 1188 30-1B 90°C vapor SDW
FCE 158 Ti Grade 16 452 4392 5120 | 00987 8 51 30-1B 90°C vapor SOW
FCE 159 Ti Grade 16 452 4392 5135 | 00595 511 30-1B 90°C vapor SDW
FCE 160 Ti Grade 16 452 4392 5154 | 00724 B 20 30-1A 90°C aqueous SDW
FCE 161 Ti Grade 16 452 4392 5185 | 00608 517 30-1A 90°C aqueous SDW
FCE 162 Ti Grade 16 452 4392 51 81 00704 6 00 30-1A 90°C aqueous SDW
GCA 001 Monel 400 880 4536 51 91 00110 047 19-1B 60°C vapor SAW
GCA 002 Monel 400 880 4536 5237 | 00160 067 19-1B 60°C vapor SAW
GCA 003 Mone! 400 8 80 4536 5132 | 00180 077 19-18 60°C vapor SAW
GCA 004 Mone! 400 8 80 4536 52 41 2 3345 97 75 19-1A 80°C agueous SAW
GCA 005 Monel 400 8 80 4536 5215 2 2476 94 57 19-1A 80°C aqueous SAW
GCA 006 Manel 400 8 80 4536 51 61 22643 9628 19-1A 80°C aqueous SAW
GCA 007 Monel 400 880 8760 5228 | 00201 0 44 19-2B 60°C vapor SAW
GCA 008 Monel 400 880 8760 51.79 | 00282 057 19-2B 60°C vapor SAW
GCA 009 Monel 400 880 8760 5226 | 00378 082 19-2B 60°C vapor SAW
GCA 010 Monel 400 B 80 8760 5171 20265| 4453 19-2A 60°C aqueous SAW
GCA 011 Monet 400 8 80 8760 52 21 20635 44 91 18-2A 60°C aqueous SAW
GCA 012 Monel 400 8 80 8760 5247 | 21587 | 4675 19-2A 80°C agueous SAW
GCA 031 Monel 400 8 80 4392 5229 | 00583 253 18-1B 80°C vapor SAW
GCA 032 Mane! 400 8 80 4392 5212 | 00714 311 18-1B 80°C vapor SAW
GCA 033 Manel 400 8 80 4392 5219 | 00689 299 18-1B 30°C vapor SAW
GCA 034 Monel 400 8 80 4392 52 21 13834| 6005 18-1A 90°C aqueous SAW
GCA 035 Monel 400 8 80 4392 5215 14217 6179 18-1A 90°C aqueous SAW
GCA 038 Monel 400 8 80 4392 5244 | 14913 6446 18-1A 90°C aqueous SAW
GCA 037 Mone! 400 8 80 8760 5229 | 01080 235 18-2B 90°C vapor SAW
GCA 038 Monel 400 880 8760 5225 | 01132 246 18-2B 90°C vapor SAW
GCA 039 Monel 400 880 8760 5227 | 01074 233 18-2B 80°C vapor SAW
GCA 040 Mone! 400 8 80 8760 5216 | 14831 3244 18-2A 90°C aqueous SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure| Surtace | Weight | Corrosion Vessel Test environment

identification {g/ce) time area loss rate number-rack
(hours) | (sqcm) (q) {(umvy) number

GCA 041 Monel 400 880 8760 5196 1.5236 3332 18-2A 30°C aqueous SAW
GCA 042 Monet 400 8 80 8780 52 11 1 5811 34 48 18-2A 90°C agueous SAW
GCF 001 Monel 400 880 4536 5170 00162 0869 19-1B 60°C vapor SAW
GCF 002 Mone! 400 8 80 4536 50 65 Q0247 107 13-1B 60°C vapor SAW
GCF 003 Monel 400 8 80 4536 5109 00272 117 19-1B 60°C vapor SAW
GCF 004 Monel 400 880 4536 5105 30196 12982 19-1A 60°C aqueous SAW
GCF 005 Monel 400 8 80 4536 50 83 29866 12213 18-1A 60°C agueous SAW
GCF 006 Monel 400 880 4536 59 M 35070 | 15088 19-1A 60°C aqueous SAW
GCF 007 Monef 400 8 80 8760 51 35 0 0502 111 19-2B 60°C vapor SAW
GCF 08 Monel 400 880 8760 50 81 00809 114 19-28 60°C vapor SAW
GCF 0098 Monel 400 880 8760 }‘51 20 (0945 210 19-2B 60°C vapor SAW
GCF 010 Monel 400 880 8760 5108 29694 66 06 19-2A 60°C aqueous SAW
GGF 011 Monel 400 880 8780 5135 | 30303 6706 19-24 60°C aqueous SAW
GCF 012 Monel 400 J 880 8760 5111 32255 7172 19-2A 60°C agqueous SAW
GCF 031 Monel 400 880 4392 5045 0 0879 395 18-1B 90°C vapor SAW
GCF Q32 Monel 400 880 4392 h50 60 0 0936 419 18-1B 90°C vapor SAW
GCF 033 Monel 400 8 80 4392 5008 0 0808 366 18-18 90°C vapor SAW
GCF 034 Monel 400 8 80 4392 50 46 28835 129 51 18-1A 90°C aqueous SAW
GCF 035 Manel 400 880 4392 50 80 288271 128863 18-1A 90°C aqueous SAW
GCF 038 Tﬂonel 400 880 4392 51 06 31031 13775 18-1A 90°C aqueous SAW
GCF 037 | Monel 400 880 8760 50 92 01333 297 18-2B 90°C vapor SAW
GCF 038 Monel 400 8 80 8760 5089 | 01323 295 18-2B  |90°C vapor SAW
GCF039  |Monel400 | 880 | 8760 | 5123 | 01263 280 1828 [90°C vapor SAW
GCF 040 _IMonel 400 880 8760 5079 31933 7144 18-2A 90°C aqueous SAW
GCF 041 Monel 400 880 8760 5127 3 4558 76 59 18-2A 90°C aqueous SAW
GCF 042 Monei 400 880 8760 5146 37458 8272 18-24 80°C agqueous SAW
HCA 01 |CDA 715 894 4536 53 29 00408 165 19-1B 60°C vapor SAW
HCA 002 CDA 715 894 4536 5332 0 0480 184 19-18 60°C vapor SAW
HCA 003 CDA 715 894 4536 5304 Q0673 274 12-18 8Q°C vapor SAW
HCA 004 CDA7i5 894 4536 5314 427051 17361 19-1A 60°C agueous SAW
HCA 005 CDA 715 894 4536 5273 44611 18276 19-1A 60°C agusous SAW
HCA (06 CDA 715 894 45386 52 28 44947 18571 19-1A 60°C aqueous SAW
HCA 007 CDA 715 894 8760 5318 0 0967 203 19-2B 60°C vapor SAW
HCA 008 CDA 715 894 87860 53 29 01159 243 19-2B 60°C vapor SAW
HCA 009 CDA 715 894 8760 53 14 01316 277 19-2B 60°C vapor SAW
HCA Q10 CDA 715 894 8760 5318 524221 11027 19-2A 60°C aqueous SAW
HCA 011 CDA 715 894 8760 53 32 483451 10143 19-2A 60°C aqueous SAW
HCA Q12 CDA 715 894 8760 5322 49012 10301 19-2A 60°C aqueous SAW
HCA 031 CDA 715 894 4392 5278 02102 883 18-1B 80°C vapor SAW
HCA 032 CDA 715 B o4 4392 53 16 0 2388 1002 18-1B 90°C vapor SAW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density] Exposure | Surface | Weight | Corrosion Vessel Test environment

identification (g/cc) time area loss rate number-rack
(hours} | (sq cm) (9} {nm/y) number

HCA 033 CDA 715 Bo4 4392 5327 | 02724 1141 18-1B 90°C vapor SAW
HCA 034 CDA 715 894 4392 5348 | 56175, 23432 18-1A 80°C aqueous SAW
HCA 035 CDA 715 894 4392 5328 | 56138| 23506 18-1A 90°C aqueous SAW
HCA 036 CDA 715 8 94 4392 5327 | 605680 25373 18-1A  190°C agueous SAW
HCA 037 CDA 715 8 94 8760 53 40 0 4103 8569 18-28 80°C vapor SAW
HCA 038 CDA 715 894 8760 5344 | 03852 8086 18-28 90°C vapor SAW
HCA 039 CDA 715 894 8760 5288 | 04099 867 18-2B 90°C vapor SAW
HCA 040 CDA 715 8 94 8760 5184 | 78630| 16967 18-2A 80°C aqueous SAW
HCA 041 CDA 715 894 8760 5307 |113696| 23965 18-2A 90°C agqueous SAW
HCA 042 CDA 715 894 8780 5274 |105725| 22423 18-2A 80°C aqueous SAW
HCG 001 CDA 715 894 4536 5160 | 00882 290 19-1B 60°C vapor SAW
HCG 002 CDA 715 894 4536 51 49 0 0965 405 19-1B 60°C vapor SAW
HCG 003 CDA 715 894 4538 5124 | 01240 523 19-1B 80°C vapor SAW
HCG 004 CDA 715 8 94 4536 5148 | 44934| 18356 19-1A 60°C aqueous SAW
HCG 005 CDA 715 8 94 4536 5152 | 45945, 19264 19-1A 60°C aqueous SAW
HCG 006 CDA 715 894 4536 51 88 50980) 21232 18-1A 60°C aqueous SAW
HCG 007 CDA 715 894 8760 5145 | 01521 aNn 19-2B 60°C vapor SAW
HCG 008 CDA 715 8 94 8760 51 71 01816 393 19-28B 60°C vapor SAW
HCG 009 CDA 715 894 8760 5160 | 02004 4 54 19-2B 60°C vapor SAW
HCG 010 CDA 715 894 8760 5135 | 469927 10237 19-2A 60°C aqueous SAW
HCG 011 CDA 715 894 8760 5159 | 48497 | 10516 19-2A 60°C aqueous SAW
HCG 012 CDA 715 894 8760 51 61 51464 | 11153 19-2A 60°C aqueous SAW
HCG 031 CDA 715 894 4392 5165 | 02843 1228 18-1B 90°C vapor SAW
HCG 032 CDA 715 894 4392 5141 0 2661 1155 18-18 90°C vapor SAW
HCG 033 CDA 715 894 4392 5163 0 2507 10 83 18-1B 90°C vapor SAW
HCG 034 CDA 715 894 4392 5106 | 70815| 30942 18-1A 90°C agueous SAW
HCG 035 CDA 715 894 4392 5194 | 70810| 30418 18-1A 90°C agueous SAW
HCG 036 CDA 715 894 4392 5183 | 75893| 32671 18-1A 90°C aqueous SAW
HCG 037 CDA 715 894 8760 5184 | 04667 1007 18-2B 90°C vapor SAW
HCG 038 CDA 715 894 8760 5179 | 03938 850 18-2B 80°C vapor SAW
HGG 039 CDA 715 894 8760 3156 [ 02787 605 18-2B 20°C vapor SAW
HCG 040 CDA 715 894 8760 5178 | 104589 | 22592 18-2A 90°C aqueous SAW
HCG 041 CDA 715 894 8760 51.52 | 111313 | 24166 18-2A 90°C aqueous SAW
HCG 042 CDA 715 894 8760 5164 |109110| 23636 18-2A 90°C aqueous SAW
ICA 001 A387 Grade 22 7.86 4536 5303 | 02703 1252 23-1B 60°C vapor SDW
ICA 002 A387 Grade 22 7.86 4536 5308 | 02548 1179 23-1B 60°C vapor SDW
ICA 003 A387 Grade 22 7.86 4536 5326 | 02455] 1133 23-1B 60°C vapor SDW
ICA 004 A387 Grade 22 7 86 4536 5295 | 21500] 9976 23-1A 60°C aqueous SDW
{CA 005 A387 Grade 22 7 86 4536 5303 | 22049 10216 23-1A 80°C aqueous SDW
1CA 006 A387 Grade 22 7 86 4536 5274 | 21720| 10120 23-1A 60°C aqueous SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
{hours) | (sq cm) (g9) {(pmiy) number

ICA 007 A387 Grade 22 786 8760 5306 | 04225| 1013 23-2B 80°C vapor SDW
HCA 008 A387 Grade 22 7 86 8760 52 91 0 3357 807 23-28 60°C vapor SDW
ICA 009 A3B7 Grade 22 7 86 8760 52 80 0 4473 1076 23-28 80°C vapor SDW
ICA 010 A387 Grade 22 7 86 8760 5277 | 35142| 8473 23-2A 80°C agueous SDW
ICA 011 A387 Grade 22 7 86 8760 53 02 47819 11475 23-2A 60°C agueous SDW |
ICA Q12 A387 Grade 22 786 8760 5313 39585 94 82 23-2A 60°C agqueous SDW
hCA 031 A387 Grade 22 7 86 4632 5319 ’_0 6025 27 26 22-1B 90°C vapor SDW
ICA 032 A387 Grade 22 7 86 4632 52 95 04919 22 35 22-1B 90°C vapor SDW
1CA 033 A387 Grade 22 786 4632 5308 03954 17 93 22-1B 90°C vapor SDW
ICA 034 A387 Grade 22 7 86 4632 52 46 19657 S0 18 22-1A 90°C aquecus SDW
ICA 035 A387 Grade 22 786 4632 5317 | 19743| 8934 22-1A 90°C aqueous SDW
LCA 036 A387 Grade 22 7 88 4632 5317 t 21206 9596 22-1A 90°C aqueous SDW
1CA 037 A387 Grade 22 7 8% 8832 5313 1 0401 2470 22-2B 90°C vapor SDW
ICA 038 A387 Grade 22 7 86 8832 5312 | 06884| 1635 22-2B 90°C vapor SDW
{CA 039 A387 Grade 22 7 86 8832 53 28 07931 18 78 22-2B 90°C vapor SDW
ICA 040 A387 Grade 22 7 86 8832 5324 | 26970; 6383 22-2A 90°C aqueous SDW
ICA 041 A387 Grade 22 786 8832 53 02 21697 5164 22-2A 90°C aqueous SDW
ICA 042 A387 Grade 22 786 | 8832 5317 | 30014 7123 22-2A 90°C aqueous SDW
ICA 061 A387 Grade 22 7 86 4332 6334 | 11378 5413 21-1B €0°C vapor SCW
ICA 062 A387 Grade 22 786 4392 52 91 12126| 5815 21-1B 80°C vapor SCW
ICA 063 A387 Grade 22 7 86 4392 53 43 12510 5941 21-1B 60°C vapor SCW
ICA 084 A3B7 Grade 22 786 4392 5305 | 04566 21864 21-1A  {80°C agueous SCW
ICA 065 A387 Grade 22 7 86 4392 52 61 04204 2028 21-1A 60°C agueous SCW
ICA 066 A387 Grade 22 7 86 4392 53 30 0 4010 1909 21-1A 60°C agueous SCW
ICA 067 A387 Grade 22 786 8760 5300 20071 48 18 21-28 8Q°C vapor SCW
ICA 088 A387 Grade 22 7 86 8760 5315 2 6897 64 39 21-28 60°C vapor SCW
ICA Q69 A387 Grade 22 7 86 8760 5315 48859 11696 21-2B 60°C vapor SCW
[CA Q7Q A387 Grade 22 7 86 8760 5252 ( Q2117 513 21-2A 60°C aqueous SCW
ICA 071 A387 Grade 22 786 8760 53 27 01924 460 21-2A 80°C agueous SCW
ICA Q72 A387 Grade 22 786 8760 52 62 0 3660 885 21-2A 60°C aqueous SCW
ICA 091 A387 Grade 22 786 4344 52 89 17901| 8683 | 20-1B 90°C vapor SCW
ICA 092 A387 Grade 22 7 86 4344 53128 274511 13240 20-18 90°C vapor SCW
ICA 093 A387 Grade 22 7 86 4344 5315 402617 19433 20-1B 90°C vapor SCW
ICA 094 A387 Grade 22 7 86 4344 5315 01791 865 20-1A 90°C aqueous SCW
ICA 095 A387 Grade 22 7 86 4344 53 43 0 1997 959 20-1A 90°C aqueous SCW
1CA 098 A387 Grade 22 7 86 4344 5319 0 2301 1110 20-1A 80°C aqueous SCW
ICA 097 A387 Grade 22 7 86 8738 53 01 33840 8144 20-28 90°C vapor SCW
ICA 098 A387 Grade 22 786 8736 53 09 58262 1401 20-28 80°C vapor SCW
ICA 099 A387 Grade 22 7 86 8738 5270 | 82831 20053 20-2B 90°C vapor SCW
ICA 100 A387 Grade 22 7886 8736 5280 | 01382 333 20-2A 90°C aqueous SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight { Corrosion Vessel Test environment

identification (g/cc) time area loss rate number-rack
{hours) | {sqcm) {1)] {um/y) number

1CA 101 A387 Grade 22 7 86 8736 5282 | 01401 338 20-2A  {80°C aqueous SCW-—
ICA 102 A387 Grade 22 7 86 8736 5215 | 01386 339 20-2A  |90°C aqueous SCW
ICH Q01 A387 Grade 22 7 86 4536 5300 | 03047 | 1412 23-1B  |60°C vapor SDW
ICH 002 A387 Grade 22 7 86 4536 5305 | 03523| 1632 23-1B 80°C vapor SDW
ICH 003 A387 Grade 22 7 86 4536 5288 | 06660 3094 23-1B  |60°C vapor SDW
{CH 004 A387 Grade 22 7 86 4536 5299 | 24095] 11173 23-1A  ]60°C aqueous SDW
ICH 005 A387 Grade 22 7 86 4536 5300 | 17030 7885 23-1A  |60°C aqueous SDW
ICH 006 A387 Grade 22 786 4536 5307 | 18883 8745 23-1A  |60°C aqueous SDW
ICH 007 A387 Grade 22 7 86 8760 8315 | 05510 1319 23-2B  |60°C vapor SDW
ICH 008 A387 Grade 22 7 86 8760 5317 | 06223 1488 23-2B  160°C vapor SDW
JCH 009 A387 Grade 22 786 8760 5332 | 09945| 2373 23-2B  {60°C vapor SDW
ICH 010 A387 Grade 22 788 8760 5293 | 47824 11485 23-2A  ]60°C aqueous SDW
ICH 011 A387 Grade 22 7 88 B760 5252 | 36757 8905 23-2A  |60°C agueous SDW
ICH 012 A387 Grade 22 7 86 8760 52 71 14827] 3530 23-2A  |60°C aqueous SDW
ICH 031 A387 Grade 22 786 4632 5303 | 04093| 1857 22-1B  |90°C vapor SDW
ICH 032 A387 Grade 22 7 86 4832 5297 | 03557| 1616 22-1B  [90°C vapor SDW
ICH 033 A387 Grade 22 7 86 4832 5265 | 08031 3677 22-1B  {90°C vapor SDW
ICH 034 A387 Grade 22 7 86 4832 5231 | 21534; 9905 22-1A  |90°C aqueous SDW
ICH 035 A387 Grade 22 786 4632 52 01 12662 5857 22-1A  |80°C aqueous SDW
ICH 036 A387 Grade 22 786 4632 5232 | 31047 | 14277 22-1A  |90°C agueous SDW
{CH 037 A387 Grade 22 7 86 8832 5220 | 10520 2543 22-2B  190°C vapor SDW
ICH 038 A387 Grade 22 7 86 8832 5233 | 14243| 3435 22-2B 190°C vapor SDW
ICH 039 A387 Grade 22 786 8832 5283 | 24344! 5814 22-2B  |90°C vapor SDW
ICH 040 A387 Grade 22 7 86 8832 5266 | 24830: 5950 22-2A  |90°C aqueous SDW
ICH 041 A387 Grade 22 7 86 8832 52 65 3 5803 85 81 22-2A 90°C aqueous SDW
{CH 042 A387 Grade 22 786 8832 53 14 2 9301 89 58 22-2A 90°C agueous SDW
ICH 0861 A387 Grade 22 786 4392 5296 | 15668 7508 21-1B  {60°C vapor SCW
[CH 062 A387 Grade 22 7 86 4392 5297 | 20224| 9688 21-1B  |60°C vapor SCW
ICH 063 A387 Grade 22 7 86 4392 5307 | 37594; 17974 21-1B  |60°C vapor SCW
ICH 064 A387 Grade 22 788 4392 5288 | 05769 2768 21-1A  |60°C aqueous SCW
ICH 065 A387 Grade 22 786 4392 5212 0 5883 28 64 21-1A 60°C agueous SCW
ICH 066 A387 Grade 22 7 86 4392 5244 | 06079 2942 21-1A |80°C aqueous SCW
ICH 067 A387 Grade 22 7 86 8760 5206 | 59884 14636 21-2B  {60°C vapor SCW
I[CH 068 A387 Grade 22 7 86 8760 5250 | 73001| 17691 21-2B  160°C vapor SCW
[CH 069 A387 Grade 22 7 88 8760 5237 | 83929| 20389 21-28  [60°C vapor SCW
ICH 070 A387 Grade 22 7 86 8760 52 50 0 3598 872 21-2A 60°C aqueous SCW
ICH 071 A387 Grade 22 7 86 8760 5276 | 03466 836 21-2A  |60°C aqueous SCW
ICH 072 A387 Grade 22 786 8760 52 87 0 3402 819 21-2A 60°C aqueous SCW
ICH 091 A387 Grade 22 7 86 4344 5296 | 52295| 25333 20-1B  |90°C vapor SCW
ICH 092 A387 Grade 22 786 4344 5299 | 66431| 32166 20-1B  180°C vapor SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification (g/cc) | time area loss rate | number-rack
i {hours) (ﬂfm) {q) (um/y) number

ICH 093 A387 Grade 22 786 4344 527&1 921831 451268 20-1B 90°C vapor SCW
ICH 094 A387 Grade 22 7 86 4344 5276 017H 871 20-1A 90°C aqueous SCW
ICH 095 A387 Grade 22 7 86 4344 5274 | 01718 836 20-1A 90°C aqueous SCW
ICH 088 A387 Grade 22 7 86 4344 5262 | 01764 880 20-1A 90°C agueous SCW
[CH 097 A387 Grade 22 7 86 8736 5299 |114118| 27476 20-2B 80°C vapor SCW |
[CH 098 A387 Grade 22 7 86 8736 5274 115974 28053 20-2B 90°C vapor SCW
ICH 100 A387 Grade 22 7 86 8736 5265 | 01297 314 20-2A 90°C aqueous SCW
ICH 101 A387 Grade 22 7 86 8736 5248 | 01347 327 20-24, 80°C aqueous SCW
ICH 102 A387 Grade 22 7 86 8736 5259 [ 01303 318 20-2A 90°C aqueous SCW
JCA 001 A516 Grade 55 786 4536 52 87 13607 8323 23-18 60°C vapor SDW
JCA 002 A516 Grade 55 7 86 4536 52 57 11356 5307 23-1B 80°C vapor SDW
JCA 003 A516 Grade 55 7 86 45386 53 49 10760 4942 23-1B 60°C vapor SDW
JCA Q04 A516 Grade 55 7 86 4536 5272 18833 8780 23-1A 680°C aqueous SOW
JCA 005 AB18 Grade 55 7 86 4538 52 90 19011 88 29 23-1A 60°C aqueous SDW
JCA 006 A516 Grade 55 786 4536 53 48 17132 7871 23-1A 80°C aqueous SDW
JCA 007 A516 Grade 55 786 8760 53 33 11052 2637 23-28 60°C vapor SDW
JCA 008 A516 Grade 55 7 86 8760 53 03 08082 1939 23-28 60°C vapor SDW
JCA 009 A516 Grade 55 7 86 8760 5297 | 08234 1978 23-2B 60°C vapor SDW
JCA 10 Ah16 Grade 55 7 88 8760 5256 | 29437( 7125 23-2A 60°C aqueous SOW
JCA {11 A516 Grade 55 7 86 8760 52 29 27033, 8577 23-2A 80°C agueous SDW
JCA 012 A51B Grade 55 7 88 8760 5268 | 28983 70 OF 23-2A 80°C aqueous SDW
JCA 031 A516 Grade 55 7 88 4632 5313 29867 13526 22-1B _|90°C vapor SDW
JCA (32 A516 Grade 55 788 4532 53 34 28833 13008 22-1B 90°C vapor SDW
JCA 033 A516 Grade 55 786 | 4632 5367 | 2011 9015 22-1B 80°C vapor SDW
JCA 034 A516 Grade 55 7 86 4632 53 65 17160 76 96 22-1A §0°C aqueous SDW
JCA (035 A516 Grade 55 7 86 4632 52 81 15462( 7045 22-1A 90°C aqueous SDW
JCA (36 AB16 Grade 55 7 86 4632 53 (1 16367 7429 22-1A 90°C aqueous SDW
JCA 037 A518 Grade 55 7 86 8832 5273 26810; 6416 22-2B 80°C vapor SDW
JCA Q38 AS18 Grade 55 786 8832 5276 | 24686) 5904 22-28 90°C vapor SDW
JCA 039 AB516 Grade 55 7 86 8832 5316 21727 5158 22-28 90°C vapor SDW
JCA 040 A516 Grade 55 7 86 8832 5276 17739 4242 22-2A 90°C aqueous SDW
JGA 041 A516 Grade 55 7 86 8832 5278 192031 4591 22-2A 90°G aqueous SOW
JCA 042 A518 Grade 55 786 8832 53 25 12460) 2853 22-2A 90°C aqueous SDW
JCA 061 A516 Grade 55 7 86 4392 53 40 25857 | 12287 21-1B 60°C vapor SCW
JCA 062 A516 Grade 55 7 86 4392 53 48 34959 | 16583 2i-1B 60°C vapor SCW
JCA 083 A516 Grade 55 7 86 4392 53 38 4 44771 211 580 21-1B 60°C vapor SCW
JCA 064 A516 Grade 55 7 86 4392 53 22 13672| 6519 21-1A 60°C aquecus SCW
JCA 065 A516 Grade 55 7 86 4392 52 51 13518 86532 21-1A 60°C aquecus SCW
JCA 066 A516 Grade 55 786 4392 5305 13174 6302 21-1A 60°C agueous SCW
JCA 067 A516 Grade 55 7 86 8760 5317 | 45428 10870 21-28 80°C vapor SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure! Surface | Weight |Corrosion Vessel Test environment

identification {gice) time area loss rate number-rack
{hours) | (sqcm) { {pmfy) number N

JCA 068 A516 Grade 55 7 86 8760 5256 | 53039: 12838 21-2B 60°C vapor SCW
JCA 069 A516 Grade 55 7 86 8760 53 11 61912 14832 21-2B 80°C vapor SCW
JCA 070 AB16 Grade 55 786 8760 5271 02804 677 21-2A 60°C agueous SCW
JCA 071 A516 Grade 55 7 BB 8760 5308 | 04198 1007 21-2A 80°C aqueous SCW
JCA Q72 A516 Grade 55 7 86 8760 5386 | 04961 1172 21-2A 60°C aqueous SCW
JCA 091 A516 Grade 55 7 86 4344 5288 | 38224| 18547 20-1B 80°C vapor SCW
JCA 092 A516 Grade 55 7 86 4344 53 68 47766 228 28 20-1B 80°C vapor SCW
JCA 093 A516 Grade 55 7 86 4344 5367 | 47703 22804 20-18 80°C vapor SCW
JCA 094 A516 Grade 55 786 4344 53 11 02533 1224 20-1A 90°C aqueous SCW
JCA 095 A516 Grade 55 786 4344 5309 0 1665 805 20-1A S0°C agueous SCW
JCA 096 A516 Grade 55 7 86 4344 5273 | 01780 866 20-1A 90°C aqueous SCW
JCA 097 A516 Grade 55 7 86 8736 5279 57757 | 13958 20-28 90°C vapor SCW
JCA 098 A516 Grade 55 7 86 8736 53 63 56287 | 13391 20-2B 90°C vapor SCW
JCA 099 A516 Grade 55 7 86 8736 5362 | 50081 121 31 20-2B 90°C vapor SCW
JCA 100 A516 Grade 55 7 86 8736 5308 | 0319%| ' 769 20-2A 90°C aqueous SCW
JCA 101 A516 Grade 55 7 86 8736 53 31 02728 6 53 20-2A 90°C agueous SCW
JCA 102 A516 Grade 55 7 86 8736 5293 | 02141 5186 20-2A 80°C aqueous SCW
JCI 001 A516 Grade 55 7 86 4536 5169 11230¢ 5338 23-1B 60°C vapor SDW
JC1002 A516 Grade 55 7 86 4536 53 65 13672 6262 23-18 80°C vapor SDW
JC1003 A516 Grade 55 7 86 4536 5180 15169 7195 23-1B 60°C vapor SDW
JCI1 004 A516 Grade 55 7 86 4536 5163 | 23630 11248 23-1A 60°C agueous SDW
JCI1005 A516 Grade 55 7 86 4536 5204 | 21855] 10318 23-1A 60°C aquecus SDW
JCI 006 A516 Grade 55 7 86 4536 52 45 21291 9973 231A 60°C aquecus SDW
JCI 007 A516 Grade 55 7 86 8760 5194 | 11230 2751 23-2B 60°C vapor SDW
JCI1008 A516 Grade 55 7 86 8760 5164 | t11154| 27 48 23-2B 60°C vapor SDW
JCI1009 A518 Grade 55 7 86 8760 51 56 15948] 3935 23-28 60°C vapor SDW
JCLO10 A516 Grade 55 7 86 8760 51 41 29353: 7264 23-2A 60°C aqueous SDW
JCIO11 A516 Grade 55 7 86 8760 51 61 295721 7289 23-2A 60°C aqueous SDW
JCio12 A516 Grade 55 7 86 8760 52 62 442241 106 93 23-2A 60°C aqueous SDW
JCI031 A516 Grade 55 7 86 4632 52 57 139787 6398 22-1B 90°C vapor SDW
JCI 032 A516 Grade 55 7 86 4632 51 67 13903; 6474 22-1B 90°C vapor SDW
JCI 033 A516 Grade 55 7 86 4632 52 45 20873 9575 22-1B 90°C vapor SDW
JCI 034 A516 Grade 55 7 86 4632 5170 | 38763 18042 22-1A 80°C aqueous SDW
JC1 035 A516 Grade 55 7 86 4632 51 93 125341 5808 22-1A 90°C aqueous SDW
JCI 036 A516 Grade 55 7 86 4632 52 56 14476 6627 22-1A 90°C aqueous SDW
JCI1 037 Ab16 Grade 55 7 86 8832 5269 | 23028] 5515 22-2B 90°C vapor SDW
JGCI 038 A516 Grade 55 7 86 8832 5187 | 27491 66 88 22-2B 80°C vapor SDW
JCI 039 A516 Grade 55 7 86 8832 b175 | 30260| 7379 22-28 90°C vapor SDW
JCI 040 A516 Grade 55 7 86 8832 5213 | 26870| 6504 22-2A 90°C aqueous SDW
JCI 041 A516 Grade 55 7 86 8832 5172 26943 6573 22-2A 90°C aqueous SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight | Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours) | (sq cm) (4) {pmvy) number .

JC1 042 A516 Grade 55 786 8832 5174 | 36357| 8868 22-2A  190°C agqueous SDW
JCI 061 A516 Grade 55 786 4392 5166 | 42432 20844 21-1B 60°C vapor SCW
JCI062 A516 Grade 55 7 86 4392 5179 | 47602 23323 21-1B 60°C vapor SCW
JCI 063 A516 Grade 55 7 86 4392 5178 | 52837 | 25747 21-1B  180°C vapor SCW
JCI 064 A516 Grade 55 7 86 4392 51 81 11847 5803 21-1A 60°C aqueous SCW
JC! 085 A516 Grade 55 7 86 4392 5157 | 12228| 6017 21-1A  (680°C aqueous SCW
JOI 066 A516 Grade 55 786 4392 5247 | 12927 62852 21-1A  |60°C aqueous SCW
JCI 067 Ab16 Grade 55 7 86 8760 5242 1 71119 17282 21-28 ] 80°C vapor SCW
JCI 068 A516 Grade 55 7 86 8760 5179 | 83212 204 41 21-2B 60°C vapor SCW
JCI 089 A518 Grade 55 7 86 B 8760 172 1108980 268807 21-28 60°C vapar SCW
JC1 070 A516 Grade 55 7 86 8780 5162 | 04949 1220 21-2A 80°C aqueous SCW
JCI1 071 Ab16 Grade 85 7 86 8760 5155 | 05228 1290 21-2A  {60°C aqueous SCW
JC1 072 A516 Grade 55 788 8760 52 81 05393 1299 21-2A  {60°C aqueous SCW
JCi 091 A5186 Grade 55 7 86 4344 5175 | 55776) 27651 20-1B 90=C vapor SCW
JCI 092 A516 Grade 55 7 86 4344 5185 | 35537| 17585 20-1B 90°C vapor SCW
JC1093 AB16 Grade 55 7 86 4344 5275 | 558332| 26912 20-1B 90°C vapor SCW
JCI 094 A516 Grade 55 7 88 4344 5263 | 01516 738 20-1A  190°C aqueous SCW
JGCI 095 A516 Grade 55 7 88 4344 5155 | 01832 912 20-1A 90°C agueous SCW
JCI1 096 A516 Grade 55 7 86 4344 51 51 01811 902 20-1A 90°C aqueous SCW
JCi 097 A516 Grade 55 786 8736 5172 | 58566 14445 20-2B  }90°C vapor SCW
JCI098 _ _ |A516 Grade 55 7 86 8736 5230 | 54115 13200 20-2B 90°C vapor SCW
JCI1 089 A516 Grade 55 7 86 8736 5182 | 59495 14648 20-2B 90°C vapor SCW
JCL100 A516 Grade 55 7 88 8736 5{72 | 02693 8 64 20-2A  190°C agueous SCW
JCI 101 A516 Grade 55 786 8736 52 91 0 2492 601 20-2A  [90°C aquecus SCW
JCI 102 A518 Grade 55 7 86 8736 5273 | 02585 6 25 20-2A  [90°C aqueous SCW
KCA 001 A27 Grade 70-40 782 4538 5185 | 15080 7183 2318 |60°C vapor SDW
KCA 002 A27 Grade 70-40| 7 82 4536 5182 | 12345) 5BA83 23-1B B0°C vapor SDW
KCA 003 A27 Grade 70-40| 782 4536 5188 | 13747 6543 23-1B 60°C vapor SDW
KCA 004 A27 Grade 70-40] 782 4536 5196 | 215281 10233 23-1A  |80°C aqueous SDW
KCA 005 A27 Grade 70-40) 782 4536 51 27 21123 10174 23-1A 80°C agueous SDW
KCA 006 A27 Grade 70-40| 782 4536 5214 | 27595 13070 23-1A 60°C aqueous SDW
KCA 007 A27 Grade 70-40] 782 8760 5184 | 159361 39N 23-2B 60°C vapor SDW
KCA D08 A27 Grade 70-40; 782 8760 5167 ; 14780} 3658 2328  (60°C vapor SDW
KCA 009 A27 Grade 70-40; 782 8760 5161 15809| 3917 23-2B  [60°C vapor SDW
KCA 010 A27 Grade 70-40; 782 8760 5197 ( 30283| 7451 23-2A  [80°C agusous SDW
KCA 011 A27 Grade 70-40{ 782 8760 5172 3M73) 7460 23-2A 80°C aquecus SDW
KCA 012 A27 Grade 70-40| 782 8760 5184 | 30572| 7541 23-2A 60°C aqueous SDW
KCA 031 A27 Grade 70-40| 782 4632 52 31 21361| 9876 22-1B 90°C vapor SDW
KCA Q32 A27 Grade 70-40] 782 4832 5194 | 14102 88483 22-1B  190°C vapor SDW
KCA 033 A27 Grade 70-40] 782 4632 51868 | 13464; 6300 22-1B  |90°C vapor SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density} Exposure | Surface | Weight | Corrosion Vessel Test environment

identification (g/cc) time area loss rate number-rack
{hours) | (sqcm) (g) {um/y) numhber

KCA 034 A27 Grade 70-40| 7 52 4632 51 91 16924 7885 22-1A  |80°C aqueous SDW
KCA 035 A27 Grade 70-40| 782 4632 5196 | 18275 8506 22-1A  |90°C aqueous SDW
KCA 036 A27 Grade 70-40| 782 4632 5194 | 17086 7956 22-1A  |90°C aqueous SDW
KCA 037 A27 Grade 70-40]| 782 8832 5135 | 18885 46865 22-28 90°C vapar SDW
KCA 038 A27 Grade 70-40; 782 8832 52 11 213847 5205 22-2B 90°C vapor SDW
KCA 039 A27 Grade 70-40| 782 8832 5180 | 18046 4419 22-28 90°C vapor SDW
KCA 040 A27 Grade 70-40| 782 8832 5198 23967| 5848 22-2A 90°C aqueous SDW
KCA 041 A27 Grade 70-40| 782 8832 5192 | 14684 3587 22-2A  [90°C agqueous SDW
KCA 042 A27 Grade 70-40| 782 8832 5188 | 20512 5014 22-2A  [90°C aqueous SDW
KCA 061 A27 Grade 70-40| 782 4392 5179 | 22727 11193 21-1B 60°C vapor SCW
KCA 062 A27 Grade 70-40| 782 4392 5185 | 22588| 11159 21-1B 60°C vapor SCW
KCA 063 A27 Grade 70-40| 782 4392 5165 | 23443 11577 21-1B 60°C vapor SCW
KCA 064 A27 Grade 70-40| 782 4392 51 88 12545| 6167 21-1A 60°C aqueous SCW
KCA 065 A27 Grade 70-40| 782 4392 5177 12354 6087 21-1A 60°C agueous SCW
KCA 066 A27 Grade 70-40| 782 4392 5163 | 12578| 6214 21-1A  |80°C aqueous SCW
KCA 067 A27 Grade 70-40| 782 8760 5080 | 31889| 8027 21-2B  {60°C vapor SCW
KCA 068 A27 Grade 70-40| 782 8760 5154 | 42533| 10554 21-2B 60°C vapar SCW
KCA 089 A27 Grade 70-40; 782 8760 5163 | 491411 12172 21-2B  {60°C vapor SCW
KCA 071 A27 Grade 70-40] 782 8760 5183 | 04899 1209 21-2A  160°C aqueous SCW
KCA Q72 A27 Grade 70-40] 782 8760 49 81 0 5594 14 36 21-2A 60°C aqueous SCW
KCA 091 A27 Grade 70-40] 782 4344 5207 | 15204, 7529 20-1B  190°C vapor SCW
KCA 092 A27 Grade 70-40| 782 4344 5166 | 18697 9333 20-1B  }80°C vapor SCW
KCA 093 AZ7 Grade 70-40| 782 4344 5167 | 20501 10231 20-1B  |90°C vapor SCW
KCA 094 A27 Grade 70-40| 782 4344 5132 | 02941 1478 20-1A  [90°C aqueous SCW
KCA 095 A27 Grade 70-40| 782 4344 51 41 02997 1503 20-1A  [90°C aqueous SCW
KCA 096 A27 Grade 70-40| 782 4344 5200 | 02541 12 60 20-1A  |90°C agueous SCW
KCA 097 A27 Grade 70-40| 782 8736 5209 29636 72 96 20-28 80°C vapor SCW
KCA 098 A27 Grade 70-40| 782 8736 5184 3 4384 8505 20-28 90°C vapor SCW
KCA 099 A27 Grade 70-40] 7.82 8738 5210 | 35607 8764 20-28 90°C vapor SCW
KCA 100 A27 Grade 70-40] 782 8736 5226 | 03425 840 20-2A  |90°C agueous SCW
KCA 101 A27 Grade 70-40; 782 8736 5162 | 03156 784 20-2A  |90°C aqueous SCW
KCA 102 A27 Grade 70-40! 782 8736 5192 | 03336 824 20-2A  |90°C aqueous SCW
KC1 001 A27 Grade 70-40] 782 4536 52 20 12639 59 80 23-1B 60°C vapor SDW
KC1i 002 A27 Grade 70-40] 782 4536 5192 | 13488 6416 23-1B  {80°C vapor SDW
KC! 003 A27 Grade 70-40| 782 4536 5210 | 15664 7425 23-1B  |60°C vapor SDW
KCI 004 A27 Grade 70-40| 782 4536 5238 | 23001| 10844 23-1A  |80°C aqueous SOW
KCI 005 A27 Grade 70-40| 782 4536 5215 { 19619 9290 23-1A  j60°C aqueous SDW
KC1006 A27 Grade 70-40| 782 4536 5143 | 25326| 12160 23-1A  |60°C aqueous SDW
KCI 007 A27 Grade 70-40| 782 8760 5055 | 15673 3985 23-2B  {60°C vapor SDW
KC1 008 A27 Grade 70-40| 782 8760 5244 | 16007 3904 23-2B  160°C vapor SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface { Weight | Corrosion Vessel Test environment

identificaiion {gice) time area loss rate number-rack
{hours) | {sqcm) {q) {nmvy) number

KCI[ 009 A27 Grade 70-40| 782 8760 51 30 14713| 3668 23-28B 60°C vapor SDW
KCI010 A27 Grade 70-40| 782 8760 5149 | 29077 7221 23-2A 60°C aqueous SDW
KCI 011 A27 Grade 70-40] 782 8760 5205 | 32916] 8087 23-2A 60°C aqueous SDW
KCloi2 A27 Grade 70-40| 782 8760 5178 34692 8568 23-2A 60°C agueous SDW
KCI 031 A27 Grade 70-40) 782 4632 5226 1 5021 689 51 22-18 90°C vapar SDW
KCI 032 AZ27 Grade 70-40| 782 4632 50 37 10963| 52863 22-1B 90°C vapor SDW
KCI 033 A27 Grade 70-40| 782 4632 52 51 09677 44 57 22-1B 90°C vapor SDW
KCI034 A27 Grade 70-40| 782 4632 5163 15919: 7456 22-1A 90°C agueous SDW
KC1 035 A27 Grade 70-4G6| 782 4632 5210 16205 7523 22-1A 90°C agueous SDW
KCI 036 A27 Grade 70-40] 782 4632 5230 1 666:1 7705 22-1A 90°C aqueous SDW
KCI 037 A27 Grade 70-40} 7 82 8832 5319 19821 47 27 22-2B 80°C vapor SDW
KCI 038 A27 Grade 70-40] 782 8832 5152 | 18171 44 '/4»—1 22-2B $0°C vapor SDW
KCI03% A27 Grade 70-40| 782 8832 5262 17186 4143 22-28 90°C vapor SDW
KCl1 040 |A27 Grade 70-40| 782 8832 5247 | 20312 4910 22-2A 90°C aqueous SDW
KCH 041 A27 Grade 70-40{ 782 8832 5222 ) 22224 5388 | 222A 90°C aquenus SDW
KCl 042 A27 Grade 70-40| 782 8832 5229 16682, 4046 22-2A 90°C aqueous SDW
KGCI 061 A27 Grade 70-40| 782 4392 52 41 35040! 17054 21-1B 60°C vapor SCW
K062 A27 Grade 70-40} 782 4392 5164 | 36310] 17834 21-1B 80°C vapor SCW
KCI 063 A27 Grade 70-40| 782 4392 5236 | 51544 | 25110 21-1B 60°C vapor SCW
KCI 064 A27 Grade 70-40| 782 4392 5212 17984 8801 { 21-1A 60°C aquecus SCW
KCI 065 A27 Grade 70-40} 782 4392 5215 | 21304| 10420 21-1A 80°C agueous SCW
KCI 066 A27 Grade 70-40] 782 4392 51 83 17989 88 g?_l 21-1A 60°C aqueous SCW
KCl 067 A27 Grade 70-40! 782 | 8760 5165 | 69146| 17118 21-2B 60°C vapor SCW
KGCL 088 A27 Grade 70-40Q) 782 8780 8272 66746 | 16190 21-28 80°C vapor SCW
KCl 069 A27 Grade 70-40] 782 8760 5265 | 73693 17901 21-2B 60°C vapor SCW
KCI 070 AZ27 Grade 70-40) 782 8760 5170 04937 1221 21-2A 60°C agueous SCW
KCL 071 A27 Grade 70-40} 782 8760 52 36 0 4889 1194 21-2A 60°C aguecus SCW
KCI 072 A27 Grade 70-40] 782 | 8760 5220 | 05152 1262 21-2A 80°C aqueous SCW
KCi 091 AZ27 Grade 70-40| 782 4344 52684 | 26357 | 12912 20-1B 90°C vapor SCW
KCi 092 A27 Grade 70-40| 782 4344 5187 | 36374 18084 20-18 90°C vapor SCW
KCi 093 A27 Grade 70-40) 782 4344 5232 | 44346 21857 20-1B 90°C vapor SCW
KCI 094 A27 Grade 70-40| 782 4344 52 65 01988 974 20-1A 90°C aqueous SCW
KC1095 A27 Grade 70-40| 782 4344 5120 02076 10 46 20-1A 90°C aqueous SCW
KCi 096 A27 Grade 70-40) 782 4344 5189 | 02312 1147 20-1A 90°C agueous SCW
KC1 097 A27 Grade 70-40| 782 8736 52 82 46898 | 11388 20-28B 90°C vapor SCW
KCi 098 A27 Grade 70-40| 782 8736 5238 | 59939 | 14672 20-28 90°C vapor SCW
KGI 093 A27 Grade 70-401 7.82 8738 5216 [ 89523 22008 20-28 90°C vapor SCW
KC1 100 A27 Grade 70-40) 782 B736 5220 | 03202 7 87 20-2A 90°C aqueous SCW
KCI101 A27 Grade 70-40| 782 8736 5206 | 0.3264 804 20-2A 90°C aqueous SCW
KCi 102 A27 Grade 70-401 7.82 8736 52 31 02984 732 20-2A 90°C aqueous SCW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| EXxposure | Surface | Weight | Corrosion Vessel Test environment

tdentitication (g/cc) time area loss rate number-rack
(hours) | (sqcm) | (@) (umiy) number

LCA 001 Inconel 625 844 4296 5218 |[-00001 000 25-1B 60°C vapor SAW
LCA 002 Inconel 625 844 4296 5152 | 00001 000 25-1B 60°C vapor SAW
LCA 003 inconel 625 844 4296 £2 37 00183 084 25-1B 80°C vapor SAW
LCA 004 Inconel 625 8 44 4296 5188 | 00018 008 25-1A 60°C agqueous SAW
LCA 005 Inconel 625 844 4296 5204 | 00007 003 25-1A 60°C agueous SAW
L.CA 006 Inconel 825 844 4296 5213 | 00007 003 25-1A 60°C aqueous SAW
LCA 007 inconel 625 8 44 B376 5159 | 00011 003 25-2B 60°C vapor SAW
LCA 008 Inconel 625 8 44 8376 5144 00002 000 25-2B 60°C vapor SAW
LCA 009 Inconel 625 8 44 8376 5240 | 00007 002 25-28 60°C vapor SAW
LCA 010 Inconel 625 844 8376 50 3 00014 003 25-2A 60°C aqueous SAW
LCA 011 Inconel 625 844 8376 5228 | 00012 003 25-2A 60°C aqueous SAW
LCA 012 Inconel 625 844 8376 5253 | 00008 002 25-2A 60°C aqueous SAW
LCA 031 inconel 625 844 4344 5287 |—00001 000 26-1B 80°C vapor SAW
LCA 032 Inconel 625 844 4344 5217 | 00013 006 26-1B 90°C vapor SAW
LCA 033 Inconel 625 8 44 4344 5221 |—00001 000 26-1B 90°C vapor SAW
LCA 034 Inconel 625 844 4344 5244 | 00002 001 26-1A 90°C agueous SAW
LCA 035 Inconel 625 8 44 4344 5248 | 00005 002 26-1A 90°C aqueous SAW
LCA 036 Inconel 625 844 4344 5236 | 00000 000 26-1A 90°C aqueous SAW
LCA 037 Inconel 625 844 8784 5202 0 0006 001 26-2B 90°C vapor SAW
LGA 038 Inconel 625 844 8784 5207 | 00007 002 26-2B 90°C vapor SAW
LCA 039 Inconel 625 844 8784 5250 | 00004 001 26-2B 90°C vapor SAW
LCA 040 Inconel 625 B 44 8784 5212 |-00049 -0 11 26-2A 30°C aquecus SAW
LCA 041 Inconel 625 8 44 8784 5230 |0o0008| -002 26-2A 90°C aqueous SAW
LCA 042 Inconel 6825 844 8784 5228 |-00006| -001 26-2A 90°C aqueous SAW
LCA 061 Inconel 6825 844 4392 52 23 0 o012 005 27-1B 60°C vapor SCW
LCA 062 Inconel 625 844 4392 5179 | 00007 003 27-1B 60°C vapor SCW
LCA 063 Inconel 625 844 4392 5177 | 00013 0086 27-1B 60°C vapor SCW
LCA 064 Inconel 625 8 44 4392 52 21 00015 007 27-1A 60°C aqueous SCW
LCA 085 Inconel 625 844 4392 8222 | 0001 005 27-1A 80°C aqueous SCW
LCA 066 Incone! 625 8 44 4392 5244 | 006018 008 27-1A 60°C agqueous SCW
LCA 091 inconel 625 8 44 4464 5111 00004 002 28-1B 90°C vapor SCW
LCA 092 Inconel 625 844 4464 52 11 00002 00t 28-18 90°C vapor SCW
LCA 093 Inconel 625 B 44 4464 5237 | 00011 005 28-1B 90°C vapor SCW
LCA 094 Inconel 625 844 4464 52 71 0 0025 o 28-1A 90°C aqueous SCW
LCA095  [Inconel 825 B44 4464 5249 | 00022 010 28-1A 90°C aqueous SCW
LCA 096 inconel 625 844 4464 52 41 00055 024 28-1A 90°C aqueous SCW
LCA 121 Inconel 625 844 4464 5179 0 0004 002 29-18 60°C vapor SDW
LCA 122 Incone! 625 § 44 4464 5205 | 00001 000 29-1B 60°C vapor SDW
LCA 123 Inconel 625 844 4484 5212 | 00004 002 29-1B 60°C vapor SDW
LCA 124 Inconel 625 844 4464 5212 | 00003 001 29-1A 60°C agueous SDW
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2.2 Long-Term Corrosion Studies

Sample Alloy Density| Exposure | Surface | Weight |Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
{hours) | (sq cm) {g) (um/y} number

LCA 125 Inconel 625 844 4464 5125 0 0006 003 29-1A 60°C aqueous SDW
LCA 126 Inconel 625 8 44 4464 5178 00008 004 29-1A 60°C aqueous SDW
LCA 157 Inconel 625 8 44 4392 5213 0 0004 002 30-1B 90°C vapor SDW
LCA 158 Inconel 625 844 4392 B2 47 0 0003 ) 30-1B 90°C vapor SDW
LCA 158 Inconel 625 844 4392 52 39 0 0000 000 30-1B 90°C vapor SDW
LGCA 1680 Inconel 625 844 4392 5233 0 0003 001 30-1A 90°C aqueous SDW
i.CA 161 Inconel 625 844 4392 52 19 0 0014 006 30-1A 90°C aqueous SDW
LCA 162 Inconel 625 844 4392 52 25 0 0007 003 30-1A 90°C aqueous SDW
L.GJ 001 Inconel 625 844 4296 5121 (—Qaooo4| 002 25-1B 60°C vapor SAW
LCJ 002 inconel 625 844 4296 5052 |-Q00003| 001 25-1B 60°C vapor SAW
LCJ 003 Inconel 625 844 4296 5145 |-00003| 001 25-1B 60°C vapor SAW
LCJ 004 Inconel 625 844 4296 5159 0 0007 003 25-1A 60°C aqueous SAW
1.CJ 005 Inconel 625 B 44 4296 5144 00011 005 25-1A 60°C aqueous SAW
LCJ 006 Inconel 625 844 4296 51 12 00016 008 25-1A 60°C aqueous SAW
LCJ 007 Inconel 625 8 44 8376 5142 0 0004 001 25-2B 60°C vapor SAW
LCJ 008 Inconel 625 844 8378 51 61 0 0007 002 25-28 80°C vapor SAW
LCJ 009 Incanel 625 844 8376 5136 0 0009 002 25-28 60°C vapor SAW
LCJ 010 inconel 625 844 8376 5117 00015 004 25-2A 60°C aqueous SAW
LCJ Ot Inconel 625 844 8376 5134 0 0024 006 25-2A 60°C aqueous SAW
LCJ 012 Inconel 625 B44 8376 5127 0 0019 005 25-2A 60°C aqueous SAW
LCJ 031 Inconel 625 844 4344 5157 0 0001 000 26-1B 90°C vapor SAW
LCJ 032 Inconel 625 844 4344 5153 0 0007 003 26-1B 90°C vapor SAW
LCJ 033 Inconel 625 844 4344 5t 67 0 0004 002 2B-1B 90°C vapor SAW
LCJ 034 Inconel 625 844 4344 51 47 00007 003 26-1A 90°C agueous SAW
LCJ 035 Inconel 625 844 4344 51 42 0 Q000¢ QQa 26-1A 90°C agqueous SAW
LCJ 036 Inconel 825 844 4344 5041 (00006 003 26-1A 90°C aqueous SAW
LCJ 037 Inconel 625 8 44 8784 51 55 0 0003 oM 26-28 90°C vapor SAW
LCJ 038 Inconel 625 844 8784 51t 70 00008 001 26-2B 90°C vapor SAW
LCJ 038 Inconei 625 844 8784 5038 |-00004| OO1 26-2B 90°C vapor SAW
LCJ 040 Inconel 625 844 8784 5168 [-00006( —001 26-2A 90°C aqueous SAW
L.CJ 041 nconel 625 844 8784 5049 |-00013| -003 26-2A 90°C aqueous SAW
LCJ 042 inconel 625 844 8784 5140 |—00005 001 26-2A 80°C aqueous SAW
LCJ 081 Inconel 625 844 4392 5134 | 00006 003 27-1B 60°C vapor SCW
LCJ 062 Inconel 625 844 4392 50 85 0 0021 010 27-1B 60°C vapor SCW
LCJ 063 Inconel 625 844 4392 5114 0 0005 002 27-1B 60°C vapor SCW
LCJ 064 inconel 625 844 4392 5110 00017 008 27-1A 60°C aqueous SCW
LCJ 065 Inconel 625 844 4392 51 35 00014 006 27-1A 60°C aqueous SCW
LCJ 066 Inconel 625 844 4392 5127 G 0022 010 27-1A 60°C agueous SCW
LCJ 0H inconet 625 844 4484 5138 | 00002 001 28-18 90°C vapor SCW
LCJ 092 Inconel 625 g44 4464 5150 0 0006 003 28-1B 90°C vapor SCW
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Sample Alloy Density| Exposure} Surface | Weight |Corrosion Vessel Test environment

identification {g/cc) time area loss rate number-rack
(hours} | (sq cm) {9) {nm/y) number

LCJ 093 inconel 625 844 4464 5134 | 00004 002 28-1B 90°C vapor SCW
LCJ 094 Inconel 625 8 44 4464 5147 | 00013 006 28-1A 90°C aqueous SCW
LCJ 095 inconel 625 844 4464 51 47 00015 007 28-1A 80°C aqueous SCW
LCJ 096 Inconel 625 844 4464 51 21 0 0026 012 28-1A 80°C aqueous SCW
LCJ 121 Inconel 625 844 4464 5116 | 00002 oo 29-1B 60°C vapor SDW
LCJ 122 Inconel 625 844 4464 50 83 0 00'07 003 29-1B 80°C vapor SDW
LGJ 123 Inconel 625 844 4464 5084 |-00003] —0O1 29-1B 60°C vapor SDW
LCJ 124 Incone! 625 844 4464 5106 | 00008 004 29-1A 60°C agueous SDW
LCJ 125 inconel 625 8 44 4464 5129 | 00003 0 01 29-1A 60°C aqueous SDW
LCJ 126 Inconel 625 844 4464 50 66 0 0000 000 29-1A 60°C aqueous SDW
LCJ 157 Inconef 625 844 4392 51 62 0 0004 002 30-1B 90°C vapor SDW
LCJ 158 Inconel 625 844 4392 5142 | 00018 008 30-1B 90°C vapor SDW
LCJ 159 Inconel 825 844 4392 5143 0 0004 002 30-1B 90°C vapor SDW
LCJ 160 Inconel 625 844 4392 5007 | 00001 000 30-1A 80°C aqueous SHW
LCJ 161 Inconel 6825 844 4392 50 45 0 0005 002 30-1A 90°C aqueous SDW
LCJ 162 Inconel 625 8 44 4392 5206 | 00016 007 30-1A 90°C aqueocus SDW
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2.3.1

Electrochemical Corrosion Testing
by Ajit Roy

Potentiodynamic and Potentiostatic Polarization

Electrochemical cyclic potentiodynarmic polarization {CPFP) experiments have been
performed on several candidate waste-package container materials The purpose of the CPP
experiments is to evaluate the materials’ susceptibility to localized attack, such as pitting and
crevice corrosion, in deaerated acidic, neutral, and alkaline brines containing 1, 5, and 10
weight percent (wt%) NaCl at room temperature, 50°, 60°, 70°, and 90°C. The materials tested
include

* Austenitic Types 304 and 316L stainless steels

s Iron-nickel-chromium-molybdenum (Fe-Ni-Cr-Mo) Alloys 825, G-3, and G-30.
» Nickel-base Alloys C-4, 625, and C-22

» Titanium-base Alloy Ti Gr-12

» Nickel-copper Alloy 400

s 70/30 Cupronickel

All test solutions were prepared with distilled water and reagent-grade chemicals
Whereas acidification was done by adding sulfuric acid to the brine, calcium hydroxide was
added to prepare the alkaline salt solution. The pH of the solutions ranged between 2 and 3, 6
and 7, and 10 and 11, respectively Current CPP experiments are being performed on a few,
selected, candidate inner container materials, such as Alloys 625, C-22, and Ti Gr-12 in acidic
brines containing NaCl and FeCl; at different temperatures

A three-electrode technique is being used to conduct the CPP and potentiostatic
polarization experiments in Pyrex corrosion cells that contained a test specimen as a working
electrode, two graphite counter electrodes, and a Luggin capillary connected to a reference
electrode Initially, a saturated calomel reference electrode was used at ambient temperature
and 60°C Later, Ag/AgCl was used as the reference electrode at all test temperatures
Cylindrical specimens were used in the CPP tests Specimens for the potentiostatic
polarization experiments were both cylindrical and disc-shaped The test specimens were
polished with 600-grit paper and cleaned with distilled water and ethanol before their
exposure to the test solutions

Before conducting the polarization experiments, a few confirmatory tests (ASTM, 1995)
were performed on Type 430 stainless steel in deaerated 1 0 N sulfuric acid solution at 30°C
The purpose of these tests was to obtain standard polarization plots and to verify the
reproducibility of the instrumentation Electrochemical potential was applied to the test
specimens using EG&G Models 273 and 283 potentiostats controlled by an IBM-compatible
PC with EG&G Model 252/352 Softcorr Il software A controlled-temperature water bath
maintained the test temperature at the desired value within +0 1°C For tests at elevated
temperatures, a Pyrex condenser was fitted to one port of the cell to capture evaporated
water and return it to the test cell. Dynamic potential scans were carried out in CPP
experiments in the noble direction at various rates, including the ASTM-specified rate
(ASTM, 1995} of 0 17 mV /s, and at rates of 0.043, 0 085 and 0.34 mV /s. These scans
commenced at the stable corrosion potential E,, and continued to a potential sufficiently
noble to cause pitting or exhibit pit-like behavior before reversing the scan at the same rate.
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In electrochemical terms, the initiation of pitting occurs at a critical potential E;, (Baboian
and Haynes, 1981), which is used as a measure of resistance to pitting corrosion At E,,, the
anodic polarization curve changes its slope abruptly, showing a dramatic increase in current
density The more noble E; is, the more resistant the material is to pitting attack. For
susceptible metals and alloys, as the direction of polarization is reversed after some degree of
anodic polarization greater than E, a hysteresis is observed in which the return polarization
curve follows an active (higher-current) path, compared to the initial anodic one The
crossover at the passive current density defines a repassivation or protection potential E,,,
(Baboian and Haynes, 1981}, below which established pits are presumed not to continue to
grow In contrast, new pits can initiate only at potentials greater than E;; Between E, and
E_i, new pits cannot initiate, but old ones can still grow

Values of E;, measured by CPP experiments were used in selecting the conirolled
potential to be applied (E,,,) in potentiostatic polarization tests involving Alloys 825, G-3,
G-30, C-4, 625, C-22,and Ti Gr-12 These tests were performed only in an acidic brine
containing 5 wt% NaCl at temperatures of 30°, 60°, and 90°C. The purpose was to evaluate
the initiation and growth of localized attack at various controlled potentials, which were

located either above or below the measured E;, values

The pH of the test solution was measured at room temperature before and after each
experiment At the conclusion of each test, each specimen was cleaned with distilled water
and ethanol The cleaned specimen was visually examined, followed by an optical
microscopic evaluation to detect the presence or absence of pitting The specimen underwent
further metallographic examination if pits were detected by optical microscopy

Cyclic Potentiodynamic Polarization Test Results

As expected, results indicate that Types 304 and 316L stainless steels were susceptible to
severe pitting corrosion in all three tested environments at 60° and 90°C, showing discernible
E,; values (Roy et al , 1995a, Roy and McCright, 1995b, Roy et al, 1996) Alloy 400 and
70/30 Cupronickel showed a propensity to dissolution in all environments both at ambient
and elevated temperatures Thick, orange-colored corrosion products were seen floating in
the solutions, suggesting that elemental nickel, relatively electronegative compared to copper
(ie, -250 mV versus +337 mV, SHE), might have undergone preferential dissolution in
response to the application of potential during the CPP experiments As with austenitic
stainless steels, the maximum current density attained just prior to the potential scan reversal
was quite high

Results indicate that Alloys 825, G-3, and G-30 underwent pitting and crevice corrosion in
all tested environments, with Alloy 825 showing the maximum susceptibility (Roy et al ,
1997a, Roy et al., 1998) Alloy C-4 suffered from pitting and crevice corrosion in 90°C acidic,
neutral, and alkaline brines. However, the extent of damage was less severe compared to that
of Fe-Ni-Cr-Mo alloys Alloy C-22 and Ti Grade-12 were immune to localized attack under all
test conditions used, indicating their suitability for application as nuclear waste-package
container materials The specimen surface appearance of Fe-Ni-Cr-Mo alloys, Ni-Cr-Mo
alloys, and Ti Gr-12 tested in 90°C acidic brine containing 10 wt% NaCl is shownin
Figure 2 3-1 A comparison of specimen surface appearance of Alloys C-22 and 625 (Roy et
al, 1997b) revealed that the latter alloy was susceptible to degradation, including crevice
corrosion, pitting corrosion, and intergranular attack (Figure 2 3-2), once again demonstrating
the superior corrosion resistance of Alloy C-22

232
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Figure 2.3-1. Surface appearance (horizontal mode) of materials tested in acidic brines
containing 10 wt% NaCl at 90°C.

Figure 2.3-2. Surface appearance {vertical mode) of alloys C-22 and 625 in acidic brines
containing 10 wt% NaCl at 90°C.

For alloys susceptible to pitting, the critical pitting potential E, was shifted toc more active
values with increasing chloride ion (CI") concentration (Figure 2 3-3), confirming results of
other investigators The mechanism of transition from passivity to pitting in these alloys may
be based on reversible competitive adsorption of CI into the double layer (oxide/liquid
interface) with oxygen for sites on the alloy surface. For Alloy C-22 and Ti Grade-12, which
did not suffer from localized attack, the critical potential became sufficiently noble to overlap
the transpassive region Formation of protective oxides on the alloy surface resulting from
oxygen evolution due to electrolysis of test solutions may possibly account for enhanced
pitting corrosion resistance of these two alloys.

Figure 2.3-3. Critical pitting potential versus chloride concentration in acidic brines at 90°C.

The E; for susceptible alloys was shifted to more noble values due to a change in pH
from acidic to neutral, as shown in Figure 2 34 Atalkaline pH, Alloys G-3, G-30, and C-4
showed somewhat lower E; values compared to those in neutral brines For Alloy 825, E
was shifted to a slightly more noble value in alkaline brine. The more active E,. value for
susceptible alloys in acidic brines may be the result of acceleration of cathodic reaction due to
high concentration of hydrogen ions The inhibitive effect of hydroxyl ions may possibly

account for the noble E;, value at alkaline pH

pit

pit
Figure 2.3-4.  Pitting potential versus pH in brines containing 10 wt% NaCl at 90°C.

In general, E;, became more active with increasing temperature (Figure 2 3-5 and
Figure 2 3-6), confirming the results of other studies These results may suggest the possibility
of a temperature-induced change in the protective properties of passive film, resulting in a
reduction in resistance to localized breakdown as temperature is increased

Figure 2.3-5. Pitting potential versus temperature for alloy G-3 in acidic brines.

Figure 2.3-6. Pitting potential versus temperature for alloy G-30 in neutral brines.

In terms of the effect of potential scan rate on E ;, a general trend was not observed that
would be valid for all the alloy and environment combinations studied. However, two basic
types of E;, response to increasing scan rate were observed The first response is an initial
shift in E; to more noble values with increasing scan rate, followed by a shift in the active
direction (Figure 2 3-7). The second type of response may consist of an initial shift of E; in
the noble direction in response to a faster scan rate, followed by subsequent shifts in the
active and noble directions, respectively, as shown in Figure 2 3-8. The E,;, response to scan
rate appears to be a function of the kinetics of passive film formation at applied potentials

No consistent pattern was observed for the effect of Cl” concentration, temperature, pH,
and potential scan rate on E,,, and E,,

Engineered Materials Characterization Report 23-3



2.3 Electrochemical Corrosion Testing

Figure 2.3-7. Pitting potential versus scan rate in alkaline brines containing 10 wt% NaCl at

90°C.

Figure 2.3-8. Pitting potential versus scan rate in acidic brines containing 10 wt% NaCl at 90°C.

23.3

Potentiostatic Polarization Test Results

2.3.3.1 Testsat E,,, >E,,

Controlled potentials (E,,;) of 150, 160, 170, and 180 mV (versus Ag/AgCl) were selected
for tests involving Alloy 825 in view of its measured E,, value of 130 mV in an acidic brine of
5 wt% NaCl at 90°C Results (Roy et al , 1997¢) indicate that pitting was initiated atall E,,
values, and the extent of pitting was more pronounced at higher applied potentials, as shown
in Figure 2 3-9. Except at 150 mV, fairly deep, round pits were observed in specimens tested
at the other three E,, values These three specimens were also characterized by deep crevice
corrosion, which possibly resulted from solution trapped under the gasket used in the
specimen holder Most of the pits were located away from the crevice region.

For Alloy G-3, tests were performed in a similar environment at E,,, values of 355, 390,
420, and 440 mV because an E, value of 326 mV (Ag/AgCl) was obtained from the CPP
diagram Pitting was observed at all four E,,, values However, their shapes were different
from those seen on Alloy 825 specimens In contrast to round pits observed with Alloy 825,
pits observed in Alloy G-3 specimens were elongated and deeper, with some pits located
along the crevice boundary As observed with Alloy 825, the maximum pitting of Alloy G-3
was experienced at the highest applied potential

Figure 2.3-9. Microscopic view of potentiostatically polarized Alloy 825 specimens in 90°C

acidic brines at various controlled electrochemical potentials (E.;p)-

2332 TestsatE,,, > E,,,

The measured E,,, value for Alloy 825 in 30°C brine ranged between —164 and -285 mV
Potentials of 250, 275, 300, and 350 mV with respect to E.,, value were used under
potentiostatic control to initiate localized attack in this alloy. Results (Roy et al , 1997c)
indicate that this material was immune to pitting and crevice corrosion at E,, values of 250
and 275 mV at 30°C for exposure times of 125 and 90 hours, respectively Severe crevice
corrosion was observed with this alloy at the higher E,,, values even after exposure for only
20 hours at a similar temperature For Alloy G-30, no localized attack was observed in a
similar environment at E,,, values of 200 to 300 mV, but it became susceptible to crevice
corrosion at 350 and 400 mV after 20 hours of testing at 30°C Similarly, Alloy C-4 did not
show any attack at E app Values of 200 and 300 mV at 30°C However, crevice corrosion was
observed in this alloy at an applied potential of 350 mV at this temperature

As to the localized corrosion behavior of Alloys 625 and C-22, the former alloy exhibited a
tendency to crevice corrosion in a 30°C brine at E.;, values of 650, 750, and 800 mV after
testing for 167 hours. Furthermore, surface cracks were observed with this material in the
crevice region On the other hand, Alloy C-22 was immune to localized attack in the same
environment at potentiostatic potentials of 500, 600, and 700 mV for a similar test duration
However, this alloy experienced a crevice corrosion tendency at 60°C under an E,, value of
700 mV, suggesting that the critical crevice corrosion temperature for Alloy C-22 may be

higher than that for Alloy 625 when tested in an acidic brine under potentiostatic control No

2.3-4
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pitting was observed with any high-nickel alloys tested at 30 ° and 60°C Finally, Ti Grade-12
was immune to localized corrosion at E,,, values of 500 to 750 mV, even up to a test
temperature of 90°C.

2.3.3.3 Combined Potentiodynamic and Potentiostatic Tests

For Alloy C-22, the results of a room-temperature potentiodynamic polarization
experiment performed at a potential scan rate of 10 mV/s indicated a slope change in the E
versus I curve at an approximate electrochemical potential of 810 mV (Roy et al., 1997¢). The
test specimen was then potentiostatically polarized for almost 96 hours at an E,, value of
820 mV. The specimen did not exhibit any localized attack, only slight discoloration of the
specimen was noticed

A second potentiodynamic test was performed in a similar environment using an Alloy
C-22 specimen at a potential scan rate of 0 17 mV/s. A slope change was observed in the
polarization diagram at approximately 864 mV. An examination of the same specimen, which
was subsequently polarized under potentiostatic control at 870 mV for almost 94 hours,
revealed more discoloration of the test specimen, yet no localized corrosion. The
potentiostatic polarization diagram (Figure 2 3-10) showed a gradual increase in current
density up to 33 hours of testing, followed by a sharp drop between 33 and 50 hours, and
eventual stabilization beyond this period

Figure 2.3-10. Potentiostatic polarization curve for Alloy C-22 in a 30°C acidic brine (pH = 2.69)
atan E_, value of 870 mV (Ag/AgCl).

Figure 2 3-11 shows the results (Roy et al , 1997¢) of an ambient-temperature
potentiostatic polarization experiment involving Alloy 625 in a similar environment at an E
value of 854 mV A drop in current density was observed in the E versus I curve up to the
initial 9 hours of testing, followed by a gradual shift in the upward direction until reaching a
stable value after 50 hours of testing Examination of the polarized specimen by optical
microscopy showed both crevice corrosion and surface attack in and around the crevice
region, but no pits Additional potentiostatic testing for a much longer duration is in progress
using both Alloy C-22 and Ti Gr-12

cont

Figure 2.3-11. Potentiostatic polarization curve for Alloy 625 in a 30°C acidic brine (pH ~ 2.69) at
an E,, value of 854 mV (Ag/AgCl).

23.4 Galvanic Corrosion Testing

The precise method of fabricating the nuclear waste packages is yet to be finalized Two
alternative approaches are currently being considered One approach is to fabricate the two
barriers separately, and then to shrink-fit the inner barrier inside the outer barrier by slipping
the inner container into the outer one that will be expanded by heating prior to insertion of
the inner container. Although this method may provide sufficient bonding between the two
barriers, it is likely that gaps will occur at some locations where breached liquid may be
trapped, thus causing galvanic interaction between the two barriers Under this scenario, the
more electronegative outer container material may undergo increased corrosion attack while
protecting the more noble inner container material.

The second approach is to fabricate the waste packages from clad or weld-overlay
materials. In this case, the outer corrosion-allowance metallic barrier will have a thin layer of
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corrosion-resistant clad material inside, thus eliminating the gap between the two barriers
while still providing galvanic protection to the more noble material. In view of these
considerations for waste package design, we evaluated the corrosion behavior of galvanically
coupled candidate inner and oufer container materials

The materials tested include Fe-Ni-Cr-Mo Alloys 825, G-3, and G-30, Ni-Cr-Mo Alloys C-4
and C-22, a titanium-base alloy Ti Grade-12; and a carbon steel (A 516} Test specimens
consisting of 2- x 2-in squares were fabricated from heat-treated materials by a gualified
vendor. Additional thermal treatments were not given to these specimens before their
exposute to the test environments Because the precise environment surrounding the waste
packages is unknown, tests were performed in a deaerated acidic brine containing 5 wi%
NaCl at 30°, 60°, and 80°C Acidification was done by adding sulfuric acid to the brine The
pH of the salt solution was approximately 2 70 The rationale for selecting an acidic brine as a
test environment has been provided elsewhere (Roy et al, 1996)

Galvanic contact between A 516 steel and a corrosion-resistant alloy was established by
short circuiting them through use of a computer-controlled EG&G Model 283 potentiostat,
which acted as a zero-resistance ammeter. Cell connections were made using A 516 steel as
an anode, and a corrosion-resistant alloy as a cathode A modified EG&G Pyrex cell was used
to contain the two working electrodes and an Ag/AgCl reference electrode Equal exposed
areas (1 cm” each) of anodic and cathodic materials were tested with a separating distance of
12 cm between them. A controlled-temperature, liquid (water and ethylene glycol mixture)
bath maintained the desired test temperature Tests were performed for periods ranging
between seven and eight days Both measured galvanic current and galvanic potential were
monitored as a function of time

The specimens were cleaned with distilled water, acetone, and ethanol before exposure to
the test solution The pH of the test solution was measured at room temperature both before
and after each experiment At the conclusion of each test, the specimen was cleaned with
distilled water, acetone, and ethanol. The cleaned specimen was visually examined, followed
by an optical microscopic examination to evaluate the extent of damage in both electrodes
resulting from galvanic interaction

Galvanic Corrosion Test Results

Optical microscopic examination revealed that A 516 steel individually coupled to
corrosion-resistant alloys suffered from general corrosion and crevice corrosion at all three
test temperatures, and the extent of damage was more pronounced at higher temperatures
{Roy et al , 1997d) Formation of shallow pits was also observed on the exposed surface of a
few specimens Some of the A 516 steel specimens were covered with thick, brownish
corrosion products, which were not analyzed In terms of the surface characteristics of
corrosion-resistant alloys due to galvanic interaction with A 516 steel, it appears that Alloys
825, G-3, and G-30 suffered from moderate crevice corrosion at 60° and 80°C A slight crevice
corrosion tendency was also observed with Alloys C-4 and C-22, and Ti Grade-12 at 60° and
80°C All three alloys were covered with black surface films at these temperatures, and the
maximum amount of film was formed on Ti Grade-12 (Roy et al., 1997¢).

At 30°C, the equilibrium or steady-state galvanic current for A 516 steel coupled to
Alloys 825, G-3, G-30, C4, and C-22 ranged between 17 and 30 pA (Roy et al., 1997d).
However, the galvanic current for the A 516 steel /Ti Grade-12 couple was substantially
higher (86 pA) at the same temperature, At higher temperatures (60° and 80°C), the value of
the steady-state galvanic current in all couples ranged between 20 and 56 pA, with a value of
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34 uA for the A 516 steel/Ti Grade-12 couple. The value of the equilibrium galvanic potential
of these couples at 30°C was in the vicinity of -670 to ~682 mV, however, a higher galvanic
potential of -785 mV was observed for the A 516 steel/Ti Grade-12 couple. Except for the

A 516 steel/ Alloy C4, A 516 steel/ Alloy C-22, and A 516 steel/Ti Grade-12 couples, the
magnitude of the galvanic potential value did not change significantly at 60° and 80°C The
galvanic potential for these three couples became more noble at higher temperatures. For the
A 516 steel /C-4 couple, the galvanic potential was —240 and -390 mV, respectively, at 60° and
90°C. Similarly, a positive shift in galvanic potential (from —680 to 530 mV) was observed for
the A 516 steel/Alloy C-22 couple at higher temperatures Noble galvanic potentials of -215
and -303 mV, respectively, were observed for the A 516 steel/Ti Grade-12 couple at these
temperatures Comparisons of galvanic current and galvanic potential as a function of test
duration for all six couples at the three temperatures are shown in Figure 2 3-12 through
Figure 2 3-17

Figure 2.3-12. Galvanic current density versus time for all six couples at 30°C.
Figure 2.3-13. Galvanic current density versus time for all six couples at 60°C.
Figure 2.3-14. Galvanic current density versus time for all six couples at 80°C.
Figure 2.3-15. Galvanic potential versus time for all six couples at 30°C.
Figure 2.3-16. Galvanic potential versus time for all six couples at 60°C.

Figure 2.3-17. Galvanic potential versus time for all six couples at 80°C.

The excellent corrosion resistance of titanium alloys, which are known to exhibit active~
passive transition behavior, is primarily due to the inert, tightly adherent protective oxide
films that cover their surfaces Although the passive oxide filin covering the titanium alloy
surface is effective in avoiding or limiting hydrogen uptake, under certain conditions,
hydrogen may be evolved on the alloy surface causing hydrogen embrittlement of the alloy
Three conditions must be met for hydrogen attack to occur The conditions are the generation
of critical concentration of atomic hydrogen on the titanium alloy surface resulting from
galvanic coupling, exposure of the alloy surface at temperatures at which the hydrogen
diffusion rate is significant, and maintenance of solution pH at or below 3 A natural result of
galvanic coupling is the evolution of hydrogen gas and absorption of atomic hydrogen at the
surface of the cathodic member while the anodic material undergoes dissolution. A
temperature of 80°C has been cited as the critical temperature above which hydrogen
diffusion through the titanium-surface oxide film may be significant. As mentioned earlier, Ti
grade-12 coupled to A 516 steel showed an adherent black surface film at 60° and 80°C along
with a slight crevice corrosion tendency, even though its surface was shiny and unattacked at
30°C Itis possible that hydrogen eveolution and absorption at 30°C was quite insignificant,
and that hydrogen gases formed at 60° and 80°C were precipitated on the alloy surface as
black hydride films that were not detrimental from a corrosion viewpoint

The iron content in the corrosion product resulting from dissolution of A 516 steel in the
acidic brine is most frequently in the form of ferric ions It has been suggested that ferric ions
may act as cathodic depolarizers and shift the corrosion potential of titanium alloys in the
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positive direction, a phenomenon that was also observed in this study As mentioned earlier,
the galvanic potential of the A 516 steel/Ti Grade-12 couple was shifted to more noble values
(785 mV versus -215 and -303 mV) at higher temperatures that resulted in more dissolution
product and, thus, might have produced more ferric jons It is possible that a similar
mechanism of ennoblement of steady-state galvanic potential may be applicable to

A 516/ Alloy C-4 and A-516/ Alloy C-22 couples at higher temperatures, because adherent
black films were also formed on the exposed surfaces of Alloys C-4 and C-22 while
galvanically coupled to A 516 steel

Galvanic corrosion testing using zero-resistance ammeter method is ongoing Current
tests are being performed on Alloy C-22, Ti Gr-12, and A 516 steel in both neutral and acidic
brines at different temperatures using three different anode-to-cathode area ratios and
electrode distances
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Stress Corrosion Cracking Tests
by Ajit Roy

The precise method of fabricating the currently designed multi-barrier nuclear waste
packages has not yet been finalized. Regardless of the fabrication technique, some form of
welding of container metallic materials will be involved in producing cylindrical packages of
large diameters The process may generate enough residual stresses to make the waste
package materials susceptible to stress corrosion cracking (SCC) as they come in contact with
the repository environment Accordingly, our testing was initiated to evaluate the SCC
behavior of candidate inner container materials using different techniques

The SCC is an environment-assisted cracking phenomenon resulting from the combined
and synergistic interactions of tensile stress and a specific corrosive environment
Environments causing SCC are usually aqueous, and they can be either condensed layers of
moisture or bulk solutions. Hydrogen embrittlement (HE) is also a form of environment-
induced failure that results most often from the combined action of hydrogen and residual or
applied tensile stress Even though several mechanisms for SCC and HE have been proposed
on the basis of numerous parametric studies, no single, unique mechanism has been widely
accepted All proposed mechanisms contain elements of speculation, and none has been
demonstrated unequivocally

The approach of linear elastic fracture mechanics (LEFM) recognizes the presence, or
early initiation, of cracks in a structural component, and that structural failure results from
the growth of such cracks by SCC. With the advent of LEFM, there has been a trend towards
quantitatively relating crack growth rates to the mechanical driving force under various
environmental conditions The mechanical driving force for crack growth is considered to be
given by the crack-tip stress intensity factor K; defined by linear elasticity

A notched specimen is generally used to evaluate the crack growth rate of engineering
materials resulting from SCC (ASTM, 1996) The specimen size must meet two distinet and
separate requirements, one pertaining to the applicability of LEFM, and the other to the
condition of constraint at the crack tip (i e, plane strain versus plane stress) The first
requirement concerns the minimum size of the crack and other planar dimensions of the
specimens that are needed to satisfy the assumptions of limited plasticity The second
requirement concerns the degree of relief of constraint in the thickness direction by localized
plastic deformation (yielding} at the crack tip Both requirements relate to the size of the
crack-tip plastic zone. It has become convenient (ASTM, 1996) to use the parameter (K;/ o)’
as a measure of the size of the plastic zone at the crack-tip, where oy is the uniaxial tensile
yield strength To satisfy the assumption of limited plasticity, fracture toughness data suggest
that the minimum crack length 2 and specimen thickness B should be equal to or greater than
25 (K[/Gys)z-

The double-cantilever beam (DCB) test is a crack-arrest type of fracture mechanics test for
measuring the resistance of metallic materials to propagation of SCC, expressed in terms of
critical stress intensity for SCC, Ko A detailed discussion on this technique is provided in
the activity plan E-20-56 (Roy, 1996) However, no attempt has yet been made to monitor the
corrosion or open circuit potential (E,,,) of the wedge-loaded DCB specimen while exposed to
the test solution. Future tests proposed in activity plan E-20-45 will attempt to periodically
measure the E,,, value over the entire test duration by placing a reference electrode close to
the DCB specimen (Roy, 1997) The resultant crack extension in an individual specimen will
then be correlated to the measured E_,_ value
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Activity plan E-20-45 is also aimed at evaluating the SCC behavior of susceptible
container materials under measured and/or controlled electrochemical potential in
repository-relevant environments using slow-strain-rate (SSR) test specimens The selected
magnitude of the controlled potential will be based on the measured “critical potentials”
obtained from the cyclic potentiodynamic polarization (CPP) experiment performed earlier in
a similar environment The resultant data will enable the mechanistic understanding of the
cracking process in materials of interest under the synergistic influence of applied stress and
a corrosive medium Results will be used in developing and validating the SCC models for
long-term performance assessment

Self-Loaded Stress Corrosion Cracking Tests

The materials we tested include iron-nickel-chromium-molybdenum (Fe-Ni-Cr-Mo)
Alloys 825, G-3, and G-30, Ni-Cr-Mo Alloys C-4, C-22, and 625, and a titanium-base alloy Ti
Grade-12 The rectangular DCB specimens were 4 in long, 1in wide, and 0 375 in thick One
end was slotted for wedge-loading, and V-shaped side grooves extending from the slot to the
opposite end were fabricated by a qualified vendor from mill-annealed plate materials
Additional thermal treatments were not given to these specimens before their exposure to the
test environment The DCB specimens were machined such that the crack plane was
perpendicular to the short transverse direction, and so that crack propagation would occur in
the longitudinal rolling direction Test specimens were fatigue-precracked under load control
(load ratio of 0 10) at a frequency of 20 Hz using an Instron Servohydraulic testing machine
with a 55-kip load cell A clip gauge was attached to the specimen to determine the precrack
length from the compliance measured during the fatigue cycle The precracked DCB
specimen was then loaded by inserting a double taper wedge made of a similar material into
the specimen slot using the same Instron testing machine The wedge thickness ranged
between 0 110 and 0 1151in te provide specimen arm displacement of about ¢ 016 to ¢ 020 in

A total of eight specimens per candidate alloy were tested Duplicate specimens of each
alloy were totally immersed in a vertical position into the test solution contained in a glass
vessel that was heated to the desired test temperature by means of a hot water bath The
environment was a 90°C deaerated acidic brine (pH = 2 70) containing 5 wt% NaCl Selection
of the acidic brine as the test environment was based on the results of a recent
electrochemical localized corrosion study, which revealed the most severe pitting and crevice
corrosion tendency of susceptible container materials in a similar environment (Roy et al ,
1996) The pH of the test solution was measured before, during, and after each test Tests
were performed for periods ranging between one and eight months At the conclusion of
each test, the specimens were visually examined, followed by an optical microscopic
evaluation of cracking along the side grooves. The final or equilibrium wedge load was then
measured by applying a separating force to the specimen arms in the Instron testing machine
The final crack length was measured by both compliance and metallographic techniques For
metallographic measurement, the test specimen was pulied apart, and the crack length was
measured on the broken faces Values for K; and K. were obtained using the following
equation (Feady, 1997):

P2 B2 38H/a)(B/B,)

P (27-1)
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where.

=  Wedge load (before or after exposure) measured in the loading plane
a= Initial or final crack length measured from the load line

=  Height of each arm

=  Specimen thickness.
B,= Web thickness (NACE, 1990)

At the time this report was prepared, the 8-month tests were ongoing for all six alloys
Therefore, results of testing conducted for periods ranging between 1 and 5 months are
presented

DCB Test Results

Results (Roy et al., 1997) indicate that for Alloy 825, which had shown the maximum
susceptibility to localized coirosion in a previous study (Roy et al , 1997a), the stress intensity
factor value was significantly reduced upon exposure to the test solution (Table 2.4-1) Data
indicate that, compared to the K value, the final stress intensity K. was at least § to 21
ksiein,'? less after testing for one, two, and four months The average crack growth during
these test periods was 0 036, 0 065, and 0 046 in , respectively Compared to Alloy 825, the
average crack growth for Alloy G-30 was 0 011 in following exposure for one month. The
crack extension in this alloy was approximately 0 031 in for both two- and four-month
exposure periods, suggesting that the crack growth might have stopped after two months
The reduction in the stress intensity factor (AK = K; - Kiscc) value for this material upon
completion of testing was much smaller (approximately 2 to 7 ksisin *) compared to that for
Alloy 825

Table 2.4-1 Results of SCC tests

Material K, (ksi\/i_; ) * Kisce ( ksinin ) * AK( ksiin ) * Avg. crack Test
growth {in}) | duration (hr)
Alloy 825 3557 38 43 27 28 18 45 8 31 19 98 0036 738
2584 39 68 13 41 18 43 12 43 2125 0065 1484
38 48 3530 2543 2166 13 05 1364 (046 2898
Adloy G-30 4107 4019 3779 3835 328 184 0011 81150
36 56 37 35 3377 33 53 279 382 0031 1415 50
3804 3795 3110 3142 694 653 0 031 2879 50
Alloy C-4 38 14 42 48 3033 4121 781 127 Q036 716
3672 4228 29 31 26 23 741 16 05 0037 1458
43 89 3772 3870 3277 519 495 0036 2880
Alloy C-22 3878 3244 2873 2878 10 05 3 66 None 698
3512 36 33 27 96 30 94 716 539 00386 1414 50
36 59 36 35 29 58 3239 701 396 0065 3598
Alloy 625 40 01 3720 37 84 3597 217 1.23 None 1467 50
4502 a8 11 4120 3300 382 511 0042 2180 50
Ti Grade-12 2382 23 49 19 51 20 67 4 31 282 0033 2927.50 |

*Measured on duplicate specimens
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A comparison (Roy et al , 1997b) of crack-growth behavior of Alloys C-4 and C-22
indicates that the later alloy did not show any crack extension after one month of testing even
though the average applied K, value for both materials was within a very narrow range (36 to
40 ksiein %) The extent of crack growth in both alloys was similar (0 036 to 0 037 in ) when
tested for two months. Data (Roy et al , 1997b) also indicate that Alloy C-4 showed an
average crack extension of 0 036 in. after four months of testing, suggesting that no
appreciable crack growth occurred between two and four months of testing However, the
average crack growth for Alloy C-22 was almost doubled (0 036 versus 0 065 in ) as the test
duration was increased from two to five months

No measurable crack extension was observed in Alloy 625 after two months of testing An
average crack extension of 0 042 in was observed in this alloy when tested for three months
For Ti Grade-12, only the four-month testing has been completed. Results show an average
crack growth of 0.033 in., which is similar to the results for Alloys G-30 and C-4, tested for
almost an identical duration The value of AK for Alloy 625 and Ti Grade-12 was very low,
ranging between 2 and 5 ksi«in'/?, The relation between average crack growth and exposure

time for all six alloys is shown in Figure 2 4-1

Figure 2.4-1. Crack growth versus exposure time for specimens in a 90°C, pH = 2.70
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environment containing 5 wt% NaCL

A comparison of pH of the test solution measured before, during, and after SCC testing
indicates that for Alloy 825, the pH was shifted to more neutral values (up to 6 55) with
increased exposure time. At the completion of testing, the test solution showed some light,
orange-colored corrosion product at the bottom of the cell, which was not analyzed It is
possible that the higher pH values may be the result of dissolution of elements, such as iron,
copper, and nickel An examination of an Alloy 825 DCB specimen revealed significant
crevice corrosion at the slotted end where the wedge was inserted A shift in pH from 2 66 to
551 was also observed with Alloy C4 after four months of testing The amount of corrosion
product in this case was negligible No attempt has been made to evaluate the morphology of
cracking observed in materials tested so far. Future studies will be made of the mode of
cracking (intergranular versus transgranular) in selected materials

Slow-Strain-Rate SCC Testing

During SSR testing, a smooth tensile specimen will be continuously strained in tension
until fracture, in contrast to the more conventional SCC testing conducted under a sustained
load The application of slow dynamic straining (10~ to 107 in. per in /s) to the tensile
specimen will facilitate cracking in materials that may not exhibit cracking under constant
load, or that may take a prohibitively long time for crack initiation. Thus, the tensile specimen
in S5R testing can undergo fast failure in a ductile manner if SCC does not occur, or
prematurely in a brittle manner if SCC occurs

As mentioned earlier, electrochemistry may play a significant role in characterizing the
SCC behavior of materials of interest Accordingly, the E,,, value of the test specimen will be
measured with respect to a Ag/AgCl reference electrode contained inside an autoclave made
of a suitable corrosion-resistant alloy, and capable of maintaining test temperatures of at least
up to 100°C. The tensile specimen immersed into the test solution will be pulled in tension
using an Instron testing machine By knowing the E,,, value and the measured critical
potentials from previous CPP experiments, the magnitude of the applied electrochemical
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potential E,, will be selected This potential will be applied to the tensile specimen under
potentiostatic control during the entire straining period A graphite rod will be used as a
cathode during potentiostatic polarization

In conventional, static SCC tests, the cracking susceptibility is commonly expressed in
terms of either a threshold stress below which cracking does not occur in an arbitrary period
of time, or the time to failure at a given applied stress With SSR tests, however, similar
approaches cannot be made because the test specimen is subjected to a continuously
changing stress during straining The cracking tendency at a given strain rate can be
characterized by several readily measurable and quantifiable parameters obtained from the
load-deflection curve and examination of the broken specimen

Because SCC is usually associated with relatively little macroscopic plastic deformation
during crack propagation, ductility parameters, such as percent elongation (El%) and
reduction in area (RA%) are useful in expressing the cracking propensity In addition, the
true fracture stress o; obtained from the load-deflection curve can characterize the extent of
cracking tendency

Attempts will be made to determine an average crack growth rate from broken test
specimens The deepest secondary crack along the surface of the gage section will be
measured from the polished metallographic mount of two broken halves of a specimen The
morphology of cracking (intergranular versus transgranular) will also be established from the
metallographic evaluation By knowing the deepest secondary crack (a) and the total time-to-
failure (TTF = ¢), the average crack growth rate (da/dt) will be determined Both da/dt and o,
will be correlated to the measured or applied electrochemical potential Similarly, EI% and
RA% will be correlated to the electrochemical parameters The following parameters will be
available from SSR testing

e Eg.andE,,
¢  Maximum load (P,,,)
o Failure load (P))

s g
« TTF
e El%
o RA%
o da/dt

¢ Metallurgical microstructure

¢ FPracture characteristics

The Instron testing machine, which will be used to pull the tensile specimens at different
strain rates, has recently been calibrated Other ancillary parts have also been assembled

Calibration of the extensometer is in progress SSR testing will be initiated soon, upon
successful performance verification of the test equipment.
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Microbiologically Influenced Corrosion

by Joanne Horn

Approach

The impact of microbiologically influenced corrosion (MIC) on nuclear-waste
containment can only be predicted by determining the range of probabilities, rates, and
required conditions for MIC of candidate container materials Therefore, a program has been
established to determine

e  Whether microorganisms contained within the post-construction Yucca Mountain
(YM) environment have activities that have been associated with metal corrosion

¢ Boundary conditions and rates of MIC reactions under varying conditions including
required conditions and rates of growth and colonization on candidate waste-package
(WP) materials.

e The overall rate of MIC of candidate WP container materials under accelerated testing
conditions

The potential for MIC within the repository will depend on the presence of
microorganisms capable of performing corrosion-related activities, the conditions under
which these organisms can grow, and rates of any resulting MIC-associated reactions A
survey of YM microorganisms for corrosion activities (McCright, 1997) established the
potential for MIC in the repository by showing that some YM organisms are able to carry out
biochemical activities associated with MIC. Quantification of the rates of microbial growth
and MIC activities under varying conditions makes possible accurate prediction of MIC over
the long term anticipated to be necessary for adequate waste containment, and such
quantification helps to identify those periods over the evolution of the repository when MIC
can occur Finally, accelerated testing provides an estimate of the overall degree to which
corrosion rates increase due to microbial activities, and determines the resistance of various
candidate materials to microbial corrosion

Complementary approaches to determine MIC rates include field testing of candidate WP
materials under simulated but concerted repository conditions, analyses of nonbacterial YM
microorganisms for corrosive activities, and monitoring alternate corrosion studies for the
presence of microorganisms. In pursuit of these goals, MIC studies have been deployed in the
Drift-Scale Test (DST) to test the effect of YM organisms on candidate WP materials under
representational repository conditions Fungi have been isolated from YM and tested for their
respective MIC-associated activities, and Long-Term Corrosion Test Facility (LTCTE),
discussed in Section 2, has been analyzed for the presence of microorganisms. The work
reported in this section follows from Metallic Barrier SIP Activity E-20-60 An activity plan
has been prepared.

Quantification of Microbial Biomass

Phospholipids are components of intact bacterial cell membranes The quantity of intact
phospholipid fatty acids (PLFA) is a direct indicator of viable or potentially viable cells in an
environmental sample (Tunlid and White, 1992) PLFA analysis permits the direct
quantification of bacterial biomass in environmental samples without culturing
microorganisms, a method that is limited because any given bacterial growth medium allows
the proliferation of only a small fraction of a microbial community (Atlas, 1982, Roznak and
Colwell, 1987)
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The number of bacteria present in a rock sample aseptically collected from the
Exploratory Studies Facility (ESF) was quantified using PLFA analysis A single rock core
was collected and split into the region facing the tunnel (proximal to the drift), and the region
reaching into the tunnel wall (distal to the drift) Phospholipids were directly exivacted,
analyzed, and quantified using gas chromatography/mass spectrometry according to
established protocols Cell equivalents were calculated from standards of known numbers of
bacteria isolated from soils. Using this measure, we deduced that the shallow ESF rock
samples facing the drift (proximal), contained 6 9 x 10° cells/g dry rock, whereas the deeper-
dwelling samples (distal, contained within the tunnel wall) had 4 0 x 10" cells /g dry rock
(Figure 2 5-1) Only a single rock sample was analyzed, however, the observation that twice
as many organisms were present on the drift-facing wall as in the wall itself may show that
either exposure of rock by drift construction allowed colonization by invading bacteria, or
that excavation changed conditions to favor the growth of endogenous cells

Figure 2.5-1. PLFA analyses of drift samples.

253 Growth-Limiting Nutrients under in situ YM Conditions

The impact of microorganisms on WP-material corrosion will depend on the abilities of
deleterious bacteria to grow and multiply in the repository environment Previous studies
had demonstrated that YM microbial communities shown significant growth in low-nutrient
media at incubation temperatures up to 50°C (McCright, 1997) Therefore, experiments were
undertaken to define nutrient conditions conducive or inhibitory to growth of ESF bacterial
communities in modified YM pore water Specifically, we sought to define nutrients that
limit bacterial growth in YM and to determine growth rates under aerobic, saturated
conditions

Growth media formulations were generated using The Geochemist’s Workbench, a
geochemical modeling code (Bethke, 1994) The media formulations were based on M9
defined bacterial medium and a ten-fold concentration (10x) of J-13 well water (Table 2 5-1,
Miller, 1972), which is the pore water in the vicinity of the YM site (Delaney, 1985) The
concentrations of chloride and bicarbonate ions in the “YM Complete” medium were fixed at
10x J-13 levels, because these ions can affect corrosion rates and pH The levels of organic
carbon (as added glucose), phosphate, sodium, potassium, nitrogen (as nitrate and
ammonium), and magnesium ions in YM Complete medium approached those found in M9
Sulfate concentration was increased to maintain electrical neutrality Other media used in
these studies were variations of YM Complete medium The “Dilute Complete” medium was
0 1x YM Complete medium. The “Carbon Deficient” and “Phosphate Deficient” media
contained no organic carbon or phosphate, respectively, approximating the levels of these
species found in J-13 well water (Delaney, 1985) The concentrations of the other
macronutrients, sulfate and nitrogen, were likewise adjusted in “J-13-50,” and “J-13-NO,,”
respectively, by decreasing them to match those found in 1x J-13 Finally, all experimental
media were predicted to havea pH of 7 2

252 Engineered Materials Characterization Report



2.5 Microbiologically Influenced Cotrosion

Table 2.5-1. Compositions of 10x J-13 well water, M9 medium, and experimental media.

Concentration {m)

Component | 10x J-13 M9 YM Dilute Carbon | J-13+NOQ, | J-13 + SO, | Phosphate

complete complete ¢ deficient deficient
Na 19 10 93 12 130 65 13 07 | 130 65 130 00 130 50 9300
K 131 2200 18 28 183 18 28 22 01 2212 2200
Mg 079 100 087 009 087 101 112 101
Ca 312 010
Cl 195 27 50 188 019 188 188 189 189
NH 18 70 375 038 375 1902
NO, 155 14 85 150 14 95 010 19 60 100
S0, 195 100 974 097 974 998 017 57 92
PO, 64 30 57 05 571 57 05 64 00 64 00
HCO, 20 50 18 80 189 18 80 1900 1900 1900
Glucose 1110 555 056 555 555 555
F 116
Si 961

Growth rates of YM bacteria were determined by periodically measuring cell densities in
batch flask cultures and continuously fed microcosms, both contained YM tuff as bacterial
inoculum. YM tuff was aseptically collected from YM ESF alcoves 5, 6, and 7, and was then
aseptically crushed (1 68-2 38 mm) and homogenized Batch cultures were contained in
125-ml flasks with 5 g of crushed tuff and 20 ml of indicated media Cultures were incubated
at 30°C with continuous agitation (150 rpm), and media were not replenished in these
systems Microcosms, however, initially contained 50 g of crushed YM tuff and 200 ml of
indicated media and were continuously supplied with fresh media (5 ml/hr). All microcosms
were incubated at 22°C and were contained within the microcosm vessel through the use of
filters (0.2 mm) fitted on outlets (Figure 2 5-2} Sterile control batch and microcosm systems
contained crushed YM tuff that was gamma-irradiated (3 Mrads) by exposure to a “Co
source, these were incubated in YM Complete medium

Figure 2.5-2. Configuration of microcosms for growth studies.

Cell densities were determined by live plating (Brock and Madigan, 1991, pp. 310-311).
The aqueous phases of microcosms and batch cultures were periodically sampled, serially
diluted, and plated on R2 agar (Difco, 1996) Plates were incubated at 30°C until colonies,
which arise from single cells, could be counted (24-36 hr) Colonies per plate were counted,
and the density of the original suspension (cells/ml) was calculated by multiplying the
number of cells/plate by the total dilution factor.

Despite decreased levels of macronutrients in all but the YM Complete-fed cultures,
bacterial growth from YM tuff was detected in all batch and microcosm systems tested except
those containing sterilized tuff (Figure 2.5-3). Microcosm-grown cultures demonstrated
similar growth rates, despite the absence of organic carbon and phosphate or the reduction of
nitrogen and sulfate from their respective media (Figure 2.5-3a). Excepting the Phosphate
Deficient-grown culture and the sterile control, these cultures produced near-equivalent lag
periods (of approximately 2 days) and similar doubling times (averaging 2 hr) Maximum cell
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densities achieved in these cultures did differ, however, from approximately 10° cells/ml
{Carbon Deficient media) to 10°-10° cells/ml (Dilute Complete medium, J-13-NQ,, and
J-13-S0,) during the incubation period of 6 days In contrast, the culture incubated with
Phosphate Deficient medium demonstrated a longer lag period of approximately 3 5 days
and a doubling time of 4.8 hr, generating 10’ cells/ml after 7 days of incubation

(Figure 2 5-3a)

Figure 2.5-3. Growth rates of YM bacterial communities as a function of macronutrient

254

concentration.

Batch cultures, which were aerated and grown without media replenishment, showed
similar growth trends when compared with microcosm cultures, however, community
doubling times in batch cultures were slightly longer, averaging 2 3 hr in all media except
Phosphate Deficient and the sterile control Again, variation in the maximal cell densities
depended on media formulation, varying from 10° cells/ml (Phosphate Deficient media) to
greater than 10° cells/ml (J-13-SO, media). In addition, the initial lag periods of ]-13-NO, and
Phosphate Deficient media averaged 4-5 days, compared with lag periods of 1-2 days in the
other media

Whole bacterial communities found in YM tuff demonstrated significant growth in media
that approximated the composition of M9 medium but contained 10x J-13 levels of chloride
and carbonate Nutrients that are used in the greatest quantities for bacterial metabolism
{(“macronutrients”) were individually reduced to levels found in YM pore water, and
significant growth was still observed These findings strongly suggest that bacterial growth
within YM is not limited by a lack of organic carbon, phosphate, nitrogen, or sulfate, at least
under saturated, aerobic conditions Sterilized YM tuff produced no growth, indicating that
the observed bacterial growth in nonsterilized cultures originated from YM tuff

The growth of microorganisms in the absence of added organic carbon (YM tuff contains
no organic sources of carbon) suggests that bacterial carbon dioxide fixation accounted for
growth under these conditions Nitrogen and sulfate concentrations in YM pore water are
also apparently sufficient to support microbial growth, as growth was observed when the
concentrations of these species were reduced to J-13 levels

J-13 well water reportedly contains no phosphate (Delany, 1985), which microbes
normally use in large quantities for metabolism, however, bacterial growth was also observed
in both batch and microcosm cultures when phosphate was eliminated from growth media
Because YM tuff contains traces of phosphate (200 ppm, Broxton et al , 1987), dissolution due
to microbial activities may account for the observed growth in Phosphate Deficient mediwm

These results strongly suggest that in situ YM nutrient levels are sufficient to support
growth of endogenous bacteria, so we undertook follow-on studies to assess the growth of
ESF bacterial communities in simulated 10x J-13

Bacterial Growth Rates and Limiting Nutrients in Simulated J-13 Water

Growth media formulations were again compiled using The Geachemist’s Workbench
{Bethke, 1994) Formulations were based on 10x J-13 well water (Delaney, 1985) Differences
between the composition of measured in situ J-13 (increased 10x in concentration) and
“10x J-13 Synthetic” medium included decreased levels of sodium to preserve charge balance,
decreased levels of calcium and carbonate to preclude precipitation of media components,
exclusion of silica to control pH, and elimination of tr